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NEW! LASKY’S CLEAR 
PLASTIC PANEL METERS 

deinluiuilirHIOKI. Each meter bond and 


for fhe Finest Value and Service to 

HOME CONSTRUCTORS & 
ELECTRONICS ENTHUSIASTS 




It S” , 


VEROBOARD - 

|iK|:=lSfe£- S 



LASKY'S PRICE 29/6 po.t2/6 
SPECIAL PACKAGE OFFER 


LASKY’S PRICE 49/6 T 


LASKY’S EXPORT PRICE 10 C 

oJ!L“?P-?T»?rL';rKfs’‘PK?ci 


Gns. 


LASKY’S PRICE 15/-.Pe.t2/. _ 

iEE 


CONSTRUCTORS BARGAINS 


THE SKYROVER 

<• ter 2 dMe e Pfd 
1119M. and SdM., vith Band Spt^’ Tunine fer 






LASKY’S FOR SPEEDY MAIL ORDER SERVICE 
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Introducing . 

THE NEW RICHARD ALLAN 

SARABANDE 

RECOMMENDED RETAIL PRICE: £39.17.6 

A magnificent triple speaker assembly containing a 
high flux 15" unit for no compromise bass, 
and the new 

MID RANGES TWEETER MODULE 

(£9.7.10 Inc. P.T. 

which has been developed bi 
the same team which 
produced the brilliant 
High Fidelity 
Module. 


THE SARABANDE OFFERS THE FINEST 
VALUE OBTAINABLE IN THIS PRICE RANGE 
OF LOUDSPEAKERS 

StitlMrJicyiilau 

RICHARD ALLAN RADIO LTD., BRADFORD ROAD, GOMERSAL, 
CLECKHEATON, YORKS. TEL.: CLECKHEATON 2442 
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NOT BUILD ONE OF OUR 
PORTABLE TRANSISTOR 

RADIOS... FIRST FOR PlRFORMAHCe, 

_ aUAllTY i PRICC! 


wonderful range of transistor radios using first grade components guaranteed resuits." 


NEW ROAMER SEVEN Mk IV 

7 WAVEBAND PORTABLE OR CAR RADIO 
! and specification ★ Now with PHILCO MICRO-ALLOY R.F. TRANSISTORS 




Medium and Long Waves, Trawler Band and three Short Waves to approx. 15 metres, 
oom filling volume from rich toned T x 4' speaker. Air spaced ganged tuning 
aerial for M & L Waves and telescopic aerial for S Waves. Real leather-look case 
Ider and hand straps. Size 9' T x 4' approx. 

The perfect portable and the ideal car radio. (Uses PP7 batteries, available anywhere.) 
EASIER TUNING Toul cost of parts now only £5,|9.6 




61a HIGH STREET, BEDFORD. Phone: 52367 
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COMBINED 
12 WATT HI-FI 
AMPLIFIER 
AND PRE-AMP 

I2 WAnS R.M.S. OUTPUT CONTINUOUS SINE WAVE 

(24 WATTS PEAK) 

★ IS WAHS R.M.S. MUSIC POWER (30 WATTS PEAK) 

There has never been an amplifier to touch the Z.I2 for 
adaptability and compactness. It is the embodiment 
of power, efficiency and reliability. Nothing could be 
better than this fine unit for use with space-saving 
plinth-mounted motors and pick-ups. Equally, the 
light weight of the Z.I2 makes it the ideal guitar 
amplifier, particularly since it operates efficiently on 
any power supply between 6 and 20 V. D.C. The pre¬ 
amp of this 8 transistor masterpiece accepts pick-up, 
radio and microphone outputs. Details for input 
matching, control and selector switching circuits are 
in the manual supplied with every Z.I2. 


TECHNICAL SPECIFICATION 


89/6 


• Input—2mV into 2K 

• Stfnal to 


SINCLAIR 
MICRO F.M 

7 transistor 
combined F.M. 
tuner/receiver 






108 Mc/s. 



£5.19.6 

FULL SERVICE 


The Z.I2 measures only 3in. x liin. x U'in. and 
weighs 3 ozs. 8 special transistors are employed in 
original circuitry developed by Sinclair Radionics. 
The unit, which includes its own pre-amp, is ruggedly 
built. Two are ideal in stereo. This versatile amplifier 
can be powered by batteries or the P.Z.3. . 



79/6 


r STEREO 
25 

STEREO PRE-AMP AND CONTROL UNIT FOR TWO 
Z.I2’s OR OTHER GOOD AMPLIFIER SYSTEMS 

For use with two Z.M’s or any hi-fi stereo 
system. Finest quality components are used Mu.imViStoMko^ 
in its construction, whilst the overall appear- sot^ii; ludi?—lOmv 
ance of this compact de-luxe pre-amp and 
control unit reflects the professional elegance 2o'ooo4l*'sii?6'in“ 
which characterises all Sinclair designs. The knolT.' ^ 
front panel is in solid brushed and polished built, tested 
aluminium with well styled solid aluminium guaranteed 

knobs. £9.19.6 

FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS 


sincilair- 


- ► 

SINCLAIR RADIONICS LTD., 22 Newmarket Rd., CAMBRIDGE 

Telephone 52996 (STD Code OCA3) 
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• ir X lA' X r 

• NEW SIX STAGE 
CIRCUITRY 

• TUNES OVER M.W. 
WAVEBAND 

• A.G.C. 

• AMAZING POWER 
AND RANGE 

• GUARANTEED 5 YEARS 





SINCLAIR NICROMATIC 

The smallest set in the world 


This British made six-stage transistor 
receiver is a fuliy fledged radio with ail 
thefeatures essential to reliable listen¬ 
ing. It is smaller than anything you 
have ever used before, yet it gives 



Boots Chemists, etc. Good listening 
works out to under a halfpenny an 
hour. Whether you buy the MICRO- 
MATIC in kit form or ready built, you 
will be the proud owner of a most 



TECHNICAL DESCRIPTION 


























RADIO & ELECTRONIC 
CONSTRUCTION SYSTEM 



the Wyndsor Vanguard... 
the most versatile 
recorder at its price* 
offering so many 
outstanding features... 



TWO-YEAR GUARANTEE 
EX-RENTAL TELEVISIONS 

★ Tub. 
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HEATH KIT world-famous electronic equipment 

The Hi-Fi, Radio, Amateur Gear, Test Instruments anyone can build 


Treat yourself to superb LW, MW entertainment with the 

High-Performance Car Radio Kit, CR-i 



Complete your motorinc pleasure with this t 
It can be fitted to any make of car havin( 
Tastefully styled in neutral grey with match 


Completely pi 
■' Push'button*Long, 


... .._____jntrol (AGC), minimisesfading 

under weak reception conditions. Easy-tune dial. Push button Long, Medium and Tone selection. 
The car radio is available for your convenience, in two separate u4lbi RF Amplifier Kit CR-IT 
£1.13.6 incl. P.T., IF/AF Amplifier Kit CR-IA £11.3.6. T 

TOTAL PRICE KIT (excluding Loudspeaker) £12 . 17 . 0 incl. P.T. 

8'xS' Loudspeaker Pt. No. dOI-505 £1 . 16 . I incl. P.T. 


The Transistor Amplifier you have been looking for 


Low-cost Stereo Amplifier Kit, TS-23 
Breaks the price barrier in quality 
Transistor Amplifier cost 



intial feai 
dSp radio and other 

(I5n)eac 


PRICES: Amplifier Kit £17 . 15 . 0 
Amplifier Kit and Cabinet £18 . 19.0 


red cabinet. Output! 


Walnut Veneered Cabinet 
separate £2.0.0 


Hi-Fi performance from a “Mini” 
Speaker Kit 

' ith the 

“AVON” 
BOOKSHELF 
SPEAKER 
SYSTEM 

The challenge to our a 
speaker occupying the minimum s 

first class reproduction. The resul __ 

this “AVON " compact unit of exceptional quality. 
Features; Two special speakers 6^ BASS, SJ' HF unit and 
crossover network. Good^ frequency response^^^BeautKul 

Supplied in two units. Can be built for a toul price. 

Kit £13 . 16 . 0 incl. P.T. 



A 3" Service Oscilloscope Kit with outstanding 
features. Model OS-2 

The attractively styled OS-2 it a compact, lightweight, 
portable oscilloscope that fulfills many of the general re- 
quirements in Laboratories, Service Departments and 
Educational Training. It is ideal for use in production line 

-i.-.u--pensive equipment would be 

! tests. The bandwidth of the 


. SiieS'xTJ'xn'd 


FREE! 

32 page Catalogue 
SEND COUPON FOR 
YOUR COPY NOW! 

Over ISO models: Hi-Fi, Audio 
Speaker systems. Intercom, PA 
Guitar amplifiers. Amateur Radio, Educational, Tran- * 
sistor radios, Test and service instruments. Many j 
shown in full colour. 


Many other models in wide range. 

•Prices quoted are Mail Order, Retail Prices slightly higher. 

Full specification sheets of any model available upon request. 

—j---HEATHKIT- 



□ 


further details of model(s). 


NAME 

ADDRESS 


MOST MODELS CAN BE SEEN AND DEMONSTRATED AT THE LONDON HEATHKIT CENTRE. 233 Tottenham Court 


Tel: 01-636 7369. 
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by using a 

DIACROM SPATULA 


The “Diacrom" is a metal, 
spatula upon which diamond^ 
powder has been deposited 
by a special process. No deep 
scratches are possible be¬ 
cause density is controlled 
and the polishing of the 
contacts is achieved by a 
gentle brushing motion. 

With coloured nylon 
handle for complete 
insulation and easy 
size identificath 




SPECIAL PRODUCTS 





T/?e most accurate 
pocket size 

CALCULATOR 

in the world 


The 66 inch OTIS KING scales 
you extra accuracy. Write toda> 
for free booklet, or send 75/- for 
this invaluable spiral slide rule 
on approval with money back 
guarantee if not satisfied. 

CARBIC LTD.fDept. peii) 

54 Dundonald Road, London, S.W 



























































































BAKER 12 in. DE-LUXE Mk II LOUDSPEAKER 

Now with high efficiency tweeter co 
Especially designed to provide full range r 
duction at an economical cost. Suitable fc 


Baker Reproducers Ltd. 


ELECTRONICS GALORE! 

IH THE NEW 

dca CATALOGUE 

THE CONVENIENT WAY TO SHOP FOR ALL YOUR 
ELECTRONIC NEEDS. 

EVERYTHING FROM SINGLE COMPONENTS TO 
COMPLETE EQUIPMENT ALL AT BEST VALUE 
PRICES. 

SEND l/6d. NOW FOR YOUR COPY TO Dept. PE/7 

dca ELECTRONICS LIMITED 

28 UXBRIDGE ROAD, EALING, W.5 


n onR no miiels n muor mmufagtiireiis" 

BRING YOUR RECORD PLAYER UP TO DATE WITH 

Sonotone ihq 

HIGH FIDELITY STEREOPHONIC CERAMIC CARTRIDGES 

Sonotone 9TA SERIES. Superior quality cartridges offering extremely 
high compliance for a cartridge with dual styli. Tracking weights as low 
as U3 gm. allow reproduction from heavy modulated records without 
distortion on most changers. Standard fixing centres. Prices; Sapphire 
£2.18.10. Tax paid. Diamond £3.16.7. Tax paid. Other types available. 

—d for leaflet. 


metrosound 


bridge v 




if 


The New'Picture-Book* way of learning 

m ELECTRICITY [5 Vols] 

ELECTRONICS [GVols] 

„ ELECTRONIC CIRCUITS [2Vols] 
n INDUSTRIAL ELECTRICITY (2 Volsl 
LU SYNCHROS & SERVOMECHANISMS (2 

rach iB^strated Appna^ to learns )B the quickeit and Bonndest wa 


aimpleatlaiiduage. 


WHAT THIS MONTH’S ENTHUSIASTIC 


TO SELRAY BOOK CO. 

60 HAYES HILL, HAYES, BROMLEY, KENT 

I’lease send me Without Obligation to Purchase, one of the above sets on 7 Days Free 
Trial. I will either return set, carriage paid, in good condition within 7 days or send the 
following amounts. Basic Electricity 70/- Cash price or Down Payment of 15/- 
followed by 4 fortnightly payments of IS/- each. Basic Electronics 82/- Cash Price 
or Down Payment of 15/- followed by 5 fortnightly payments of 15/- each. This otter 
applies to U.fe. only. Overseas customers cash with order. 

Tick set required {only ONE tel atloaed on free trials 

BASIC ELECTRICITY 70/- □ BASIC ELECTRONICS 

BASIC ELECTRONIC CIRCUITS 40/- □ 

BASIC INDUSTRIAL ELECTRICITY 40/- □ 

BASIC SYNCHROS & SERVOMECHANISMS 38/- □ 

ALL PRICES INCLUDE POSTAGE 

Signature. 

(If under 81, signature of ■parent or guardian) 

NAME.. 

, BLOCK LBTTBBS BELOW 

FULL POSTAL 

ADDRESS. 
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(RADIO) LIMITED 

Phone: CEPRARD 8204/9)55 
m Cables: SMITH EX LESQUARE 

4 LISLE STREET, LONDON, W.C.2 
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G geta 

GOLDRING HI-FI 
TURNTABLE UNIT 

FOR YOUR AMPLIFIER 




GOLDRING-LENCO GL68 

Continuously variable speed control 
with adjustable click in positions for 
standard speeds. Arm takes inter-. 


There's a Goldring, or Goldring-Lenco unit to match 
any amplifier—whether you build it or buy it. At the 
modest end of the scale there's the G.66 integrated 
hi-fi unit that comes complete with pick-up arm and 
cartridge for as little as 11 gns. Then there's the highly 
popular GL 68 (see left) and, for the man who wants 
the best he can get there's the GL 70 trariscription unit 
with integrated transcription arm at a little under £30, 
or the sophisticated G 99 without arm, at around £22. 
Goldring hi-fi equipment includes transcription arms 
from 7 gns. upwards and a wide choice of cartridges. 
The coupon will bring you full descriptive leaflets. 

GOLDRING HI-FI EQUIPMENT 
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VOL 3 No. 6 PRACTICAL 

m 1X7 ELECTRONICS 


COMMON GROUND this month 


M any interesting facts are revealed through readers’ 
letters. One point that frequently comes to 
light is that many newcomers make their very first 
acquaintance with do-it-yourself electronics because 
of their interest in some other quite different and 
seemingly unrelated hobby or pastime. 

It is not hard to imagine how such introductions 
first come about. . . . The amateur photographer 
decides to build an electronic flashgun to keep up 
with his more affluent friends with their commercial 
equipment; the motorist, alert to the dangers of 
contemporary acquisitive society, decides to install a 
car alarm system; the amateur horticulturist realises 
the benefits to be derived from a remote temperature 
monitoring system for the greenhouse, particularly 
on those cold winter evenings. Even the more 
sedentary individual who normally asks nothing 
more than to be left alone in peace in his armchair 
with a book or television set as sole companion, 
suddenly awakens to the fact that a doorphone 
intercom unit could save all that bother of plodding 
to the front door on what are often fruitless missions. 

Yes, these are representative of some different 
characters with widely differing ideas as to how best 
to spend their spare time. But they alt can share 
common ground in amateur electronics. 


CONSTRUCTIONAL PROJECTS 


VIDEO PATTERN GENERATOR 415 
DIAL-A-NAME GAME 420 

MODEL CONTROL 
INSTALLATIONS 432 

C.R.O. TRACE DOUBLER 443 


SPECIAL SERIES 


COMPUTER EVOLUTION—2 425 
THE ELECTRONIC ORGAN—7 439 


GENERAL FEATURES 


PRESS-FIT TERMINALS 414 

INGENUITY UNLIMITED 429 

FIELD EFFECT TRANSISTORS 448 


Some of our new friends will limit their excursion 
into constructional activities ■g|:rictly to the one 
project jn mind. Others, the far larger proportion, 
we trust, will suddenly see the light: what a shame to 
ignore all the countless other possibilities of using 
electronics around and about the house. Not that 
they need become fanatics at the game, to the exclusion 
or detriment of any other hobby or interest; indeed 
home constructed electronic devices can enhance the 
scope and enjoyment of so many other spare time 
pursuits. 

Furthermore, as committed electronics construc¬ 
tors, they will be brought into touch with an even 
wider range of non-vocational activities as illustrated 
by the specialised applications of the projects featured 
regularly in these pages. That common ground may 
well prove exceedingly fertile—in more ways than one. 


NEWS AND COMMENT 


EDITORIAL 

413 

MEETINGS 

438 

BOOK REVIEW 

442 

ELECTRONORAMA 

446 

THE 73 PAGE 

456 

MARKET PLACE 

459 

DETACHED PARTICLES 

463 

READOUT 

464 


Our July issue will be published on 
Friday, June 16 


All correspondence intended for the Editor should be addressed to: The Editor, PRACTICAL ELECTRONICS, George Newnes Ltd., Tower 
House, Southampton Street, London, W.C.3. Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd., 15/17 Long Acre, 
London, W.C.2. Phone: 01.536 4363. Telegrams: Newnes London. Subscription Rates including postage for one year, to any part of 
the world, 36s. ® George Newnes Ltd., 1967. Copyright in all drawings, photographs and articles published in PRACTICAL ELECTRONICS 
IS specially reserved throughout the countries signatory to the Berne Convention and the U.S.A. Reproductions or imitations of any of 











Another wiring technique for th£ constructor using 


PRESS-FIT SOLDERING 

TERMINALS 


O F THE many forms of circuit 
wiring now open to amateurs 
and laboratory technicians, each 
has its inherent advantages. 

This month we feature Sealectro 
“Cloverleaf” press-fit soldering ter¬ 
minals which can be used with 
Lektrokit perforated chassis plates 
No. 7 or can be mounted as 
required on plain aluminium plates. 

The “cloverleaf” is a sub-minia¬ 
ture p.t.f.e. insulated press-fit, fe^d 
through terminal. P.T.F.E., other¬ 
wise known by the trade names of 
“Teflon” or “Fluon” has an ex¬ 
tremely high insulation resistance, 
and the capacity to withstand large 
temperature variations. 

Although rather* costly, this 
method gives a neat appearance and 
is particularly suitable for h.f. work. 

FITTING THE TERMINALS 

The insulators'are very slightly 
tapered so that they are wedge fitted 
into pre-punched tapered holes in 
the chassis plates. Two projects 
are described on pages 415 and 443 
using this method, but in order to 
illustrate the full details of mount¬ 
ing, the photographs on this page 
show the terminals being mounted 
on plain aluminium sheet. 

The pre-punched plates are ideal 
for prototype or breadboard circuit 
assemblies; the components can be 
simply positioned on the plate so 


optimum component density; since 
the system lends itself to above and 
below chassis wiring, a considerable 
reduction in circuit area can be 
affected. 

If one intends using a plain 18 
s.w.g. ^luminium sheet or chassis 
the circuit components should be 
laid out the same as in the pre¬ 
punched system to establish the 
junction points. (It is a good idea 
to sketch a rough plan on paper.) 
These should be marked with a 
scriber and holes drilled at these 
points with a No. 29 drill. The 
tapered entry for the terminal is 
achieved by lightly countersinking 
this hole half-way through the 
sheet with a No. 22 drill. The 
p.t.f.e. inserts should then be press 
fitted into position as in Photo. A. 

WIRING 

Each “cloverleaf” junction will 
accommodate four components or 
wiring leads, with a centre hole for 
an additional length of 21 
bare tinned copper wire. 

Soldering is a simple procedure 
as the “cloverleaf” provides capil¬ 
lary channels so that the solder 
flows easily when the iron is applied 
(Photo B). The photographs at the 
bottom of the page show close up, 
the soldered components on the 
board (C) and a cut-away view of a 
plate (D) with a terminal and com- 













T his simple piece of equipment can be used to pro¬ 
vide a pattern on the screen of a television receiver, 
showing vertical bars. It is suitable for use with such 
sets that have been converted to receive standard 
one volt peak-to-peak video signals. 

A brief introduction of the theory of pulse circuitry 
is given in this article, but the reader should consult 
text books for a fuller explanation of how the various 
circuits, used in this piece of equipment, work. 

PULSE WAVEFORM 

The waveform required for displaying vertical lines 
is a pulse waveform that is synchronised to the line 
frequency or is capable of locking itself to the line 
frequency. The block diagram is shown in Fig. 1. 

Fig. 2 shows a video pulse waveform. On the 
405-line system, the top of the pulse is at the white 
level, while the bottom is below the black level. The 
two intermediate levels are shades of grey, the lower 
one being the darker. The portion of the wave 
below the black level can be used to lock the signal 
into the timebase of the receiver if it is of the order 
of the line timebase frequency. 



Fig. I. Block diagram of the video pattern generator 


The waveform generated in an astable multivibrator 
is given in Fig. 3a. Pulses from this free running 
square wave generator pass into a bistable multi¬ 
vibrator where it is converted to a castellated wave¬ 
form (Fig. 3b) which is a factor of the frequency of the 
pulses in Fig. 3a. This waveform is 1 volt peak-to- 
peak (the standard video signal). 

The number of “battlements” on the casteUfted 
waveform is controlled by VRl, which can give from 
two to about fifty “battlements” per half-cycle. Each 
“battlement” is of a fixed time duration, and changes 
the repetition frequency of the wave (Fig. 3c and 3d), 
and thus the number of bars seen on the screen. It 
will be found that adjustment of VRl will lock a 
picture with say four bars, then with further adjust¬ 
ments the picture goes out of lock, then locks again 
with three bars. 

If the bistable multivibrator divides on both the 
positive and negative half-cycles of the original fre¬ 
quency a “staircase” waveform (Fig. 3e) would result. 
This would give rise to bars of different tones of 
grey from white to black being shown on the screen. 


xig 


Fig. 2. A typical video monochrome pulse waveform 
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It would give the same effect as viewing colour bars 
on a monochrome receiver (see photographs). 

The astable or free running multivibrator generates a 
symmetrical square wave at approximately 21-6kHz 
which is a little more than twice the standard 405-line 
frequency (10T25kHz). The circuit (Fig. 4) is con¬ 
ventional ; the frequency is controlled by Cl and R2. 

Since / ~ 0 7(R.Ci f 


and R^Ci = R^C^ 


t ^ l-4/?.Ci 


but 



i-4ri/f, 


3e (left). Staircase waveform 


Circuit values are, Cj is 2,200pF and /?2 is 15 kilohms. 

15 X lO- 

/2f 21-64kHz 

In theory, the value of Cf and C^ would have to be 
2,353pF to give a frequency of exactly twice the 405- 
line standard frequency, but 2,200pF is the nearest 
preferred value and is close enough. 

Trigger pulses are taken from TR2 to the bistable 
multivibrator. The bistable operates on half the 
original frequency, i.e. at approximately 10-8kHz. 
Its rate of division is altered by VRl. This alters the 
time constant of the circuit and the mark/space ratio. 































































ADDER 

The outputs from the astable and bistable multi¬ 
vibrators are combined in the adder circuit of TR5. 
Fig. 5 shows an adder circuit, the gain of which is the 
ratio RiJRn where Rn and provide the two inputs 
and determine the level of voltage injected into the 
transistor, for assuming a unity stage gain, i.e. R 13 ^ 
/?i2 (resistor is Rl in Fig. 4). 



the negative sign showing a 180 degree phase shift. 

The values of Rll, R12, R13, and Rl have been 
calculated to give a 1 volt peak-to-peak output wave¬ 
form. Rl 1 and R12 can be varied. This will vary the 
level of each waveform, and will change the shade of the 
bars seen on the screen. From the collector of TR5 
the signal passes through Dl, which clamps it to 
“earth” level (earth being zero volts in this ptfrt of the 
circuit). The clamping process clips the negative 
going pulse on the output waveform as shown in Fig. 6. 



Two pattern bars of horizontal lines shown on the screen. 
The number of bars Is determined by the setting of VRI 




TR6 is an npn transistor used as an emitter follower, 
and is biased by the current flowing through the diode 
Dl. Frame sync pulses can be inserted into thd wave¬ 
form via SKI and D2. This will enable the frame 
timebase of the receiver to be tested. 

The high frequency transistor used for TR6 ensures a 
fast rise time on the waveform, and sharp transistions 
from black to white can be seen. If TR6 is a BSY18, 
BFY27, BSY27, etc. the fast rise time is an advantage, 
but an OC139 should work just as well. The output 
from the emitter follower is taken via a 01/tF capacitor 
C8 to the phase reversal switch. This enables the 
signal to be changed from peak white to peak black- 
The unit can be made up quite compactly on a 
of perforated board or Lektrokit chassis plate No. 7 
using Sealectro press-fit terminals. Figs. 7 and 8 show 
the layout. Full instructions are given on page 414. 

The photographs, taken direct from the television 
screen, show that different effects may be seen by 
adjusting VRI, SI and the line hold control (line 
timebase frequency) on the receiver. Test Card D 
gives some idea of the definition of the picture compa.-ed 
with the pattern generator bars. 


tones from black to white provided by the 
staircase waveform when the bistable multivibrator divides 
on both positive and negative half cycles 


This picture of Test Card D (405 lines) shows poor defini¬ 
tion and non-linearity 
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COMPONENTS ... 


Fig. 8. Layout of componentt In the box 


Resistors 

Rl 220 n 

.. R2 ISkQ 
R3 ISka 
R4 220n 
R5 2-2ka 
R6 lOka 
R7 lOkQ 
R8 820a 


Potentiometer 


R9 lOkO 
RIO 2-2ka 
Rll 68kn 
RI2 68ka 
R13 lOOkn 
R14 lOkQ 
RI5 4-7ka 
R16 47a 


VRl Ska linear carbon 
Capacitors 

Cl 2.200pF polyester 500V 
C2 2.200pF polyester 500V 
C3 O-OI/iF disc ceramic 30V 
C4 O-OI/iF disc ceramic 30V 
C5 0-l/iF disc ceramic 20V 
C6 0-01;iF disc ceramic 30V 
C7 O-OI/iF disc ceramic 30V 
C8 0-1/iF disc ceramic 20V 
C9 lOO^tF elect. 15V 
CIO 1,000/iF elect. 15V 


Transistors 

TRl to 5 OC44 or OC42 (5 off) (Mullard) 
TR6 BSY27 (Mullard) 

OA81 (2 off) 

D3 OA5 

D4 OAZ 247 or ZF9-1 (9V Zener) 


le 8V (Bell transformer) 

Switches 

51 Double-pole, 2 way toggle switch 

52 Double-pole, on/off toggle switch 


Miscellaneous 

Press-fit "cloverleaf" terminals (Sealectro) 
Chassis Plate No. 7 (Lektrokit) 

(Home Radio (Mitcham) Ltd.) 


On some settings of the controls white horizontal 
lines will be obtained equispaced on the picture to 
allow one to set the linearity controls. 

The unit can be used to test video stages of receivers, 
transmitters, monitors, etc. and for the budding 
television “ham” produces an inexpensive electronic 
test pattern. 


The power supply to the generator (9V d.c.) is fairly 
critical as a higher voltage will not allow the capacitors 
to charge up properly, and will upset the waveforms 
in all parts of the circuit. As the unit draws 35mA 
a mains power pack should be used; Fig. 4 shows a 
simple one that can be used. D4 is a Zener diode 
which stabilises the supply to 9 volts. 















H ere is a novel idea which can give endless amuse¬ 
ment, especially at a party or similar larger 
gathering. With the summer months rapidly approach¬ 
ing this game would be a great attraction at summer 
fetes. 

The purpose of the game is to score points which 
are derived from a system of coding for the letters of 
the alphabet. An element of handicap of Sorts is 
introduced by giving certain letters a “buzz” code. 
These are shown in Table 1. The numerical and 
“buzz” codes can be altered to suit the individual, 
providing allowance is made on the wiring. 


CODE COUNTING 

Table 2 shows how the code is applied to some 
examples of Christian names. The numbers corres¬ 
ponding to the name letters are added together, but a 
buzz code, when applicable, cancels all numbers that 
have gone before. 

If two consecutive buzz codes apply, as in “mary” 
the cancellation is void, so the previous numbers do 
CQunt. In this case the name has two buzz letters R 
and Y; this provides a handicap in reducing the 
number of “counting” letters. 

Each letter of each Christian name is dialled (using 
the centre dial scale) against the initial letter of the 
surname on the outer scale. Let us take an example: 

JOHN PETER BROWN. 

First dial J on the centre scale until it aligns with B 
on the outer scale. Press the button to indicate in the 
right-hand boxes what is scored. In this example it 
will be BUZZ (no score). Likewise dial the second 
letter O against B and score buzz again. 

The next letter H will score 50 and N will score 60. 
The second name peter will score respectively 4,2,750,2, 
buzz. The last letter buzz cancels all that has gone 
before so the rather disappointing result for this 
example is nil. 
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CASE CONSTRUCTION 

The case must be constructed first; it is made in 
two identical halves 18in x llin x 2in. The sides 
are made from planed wood 2in x iin; 9ft will be 
needed for the two halves. The top and bottom 
boards are made from hardboard 18in x llin. 

liie bulb compartment is built up on the top by 
screwing a frame of wood to the hardboard lid. This 
frame is made from strip wood Hin x |in and is lOiin 
long, 9in wide, and l^in deep. 

Each bulb holder (m.e.s.) is screwed to the lid in 
five rows of four. Holes are drilled adjacent to the 
terminals of all lampholders for the connecting wires 
to pass through. 

Build up a box around each holder, Hin deep, so 
that the light from one box does not leak through to 
another. Flat pieces of white card are glued on top 
of each holder to reflect the light upward. It is 
necessary to bore a hole in the centre of each piece of 
card so that the bulbs can pass through to be fitted 
into the holders. 


DIAL MECHANISM 

Leave this part of the construction for a while and 
make the dial mechanism. The rotating dialling disc 
is 6in diameter; 25 finger holes, iin diameter and 
ftin ^tween each hole centre, are drilled around the 
Ijeriphery of the dial. It is best to drill these holes 
before cutting out the final shape of the dial, which 
mi^t be plywood, s.r.b.p., or hardboard. The centre 


hole in the dial is drilled to accept a Meccano rod 
4iin long. Secure the rod to the dial by using a 
Meccano face plate with boss. 

Next comes the fitting of the T^in diameter wood 
disc on top of the case. This has the outer scale of 
letters of the alphabet, although these letters could be 
stuck straight on the box after finishing. The centre 
holes of both the dial and disc are concentric and are 
Sin from the front (handle) side and 4iin from the 
left-hand side of the box. 

Having assembled the dial, face plate and 4iin rod, 
pass this rod through the centre hole of the disc and 
through the case lid. On the inside of the case lid 
another disc is cut to mount the contact strips, there 
being 25 copper strips each lin long and iin wide 
bent round the periphery of this disc at equal distances 
apart. This disc is screwed on to two wood battens 
2in X |in X lOin. 

Mount four 2in wooden pillars lin square on the 
battens as shown so that they are close to the disc. 
Two braces are mounted on the ends of the pillars, 
these being Meccano strips arranged so that two holes 
coincide with the 4iin rod in the centre of the disc. 
The rod is passed through this hole. Screw the 
battens to the inside of the lid. 

Fit a bossed face plate to the 4iin rod and bolt to 
it a copper strip made as a wiper to track over the 
copper contacts. 

Going back to the lamp display compartment on 
the right of the lid, wire the bulbs to the correct copper 
contacts according to the circuit diagram. 




Fig. I. Complete circuit and wiring of the "DIal-a-name" game 






































































General view of the open case. The dial contacts and wiper 
are on the left and wiring to the lamps on the right. The 
4iV fiat pack battery is heid flrmiy in the bottom of the case 


Close-up view of the dial switch mechanism. Contact to the 
wiper is made by the crocodile clip on the metal spindle 
which is held In position by the coincident holes in the 
Meccano strips 



COMPONENTS and 
MATERIAIS... 


CASE 

Wood 2in x ^in planed, 9ft long 
Hardboard I8ln x Min (2 off) 

Attache case handle and fastener 
Hinges l^in long (I pair) 

Decorative adhesive plastics sheet 
Quadrant section wood fin (6ft) for corner streng¬ 
thening 


DIAL ASSEMBLY ^ 

DIAL—Sheet s.r.b.p., plywood or hardboard fin thick, 
61 n diameter 

LETTER DISC—Plywood fin thick, 7fin diameter 
CONTACT DISC—Plywood fin thick, 6in diameter 
BATTENS—Wood strip 2in x fin (2ft) 

PiLLARS—Wood strip I in square (Ift) 

CONTACTS AND WiPER—Copper strip fin wide 
(3ft) 

DIAL ROD—Meccano rod 4fin long (I off) 

BRACES—Meccano strips 7fin long (2 off) 

ROD ATTACHMENTS—Meccano face plates (No. 
109) Ifin diameter (3 off) 

LETTEBS.—Alphabet transfers or sticky labels (2 off 
each) 


LAMP COMPARTMENT 

WOOD FRAME—Wood strip Ifin X Jin (39in) 
CLAMP FRAME—Angle aluminium fin (39in) 
LAMPHOLDERS—M.E.S. batten type (20 off) 
LAMPS—3 SV m.e.s. torch bulbs (20 off) 

LAMP BOXES—White card sheet 
COVER—Translucent Perspex sheet lOfin x 9in and 
transparent non-inflammable acetate sheet lOfin 
x9in 

MASKING—Black plastics masking tape 


MISCELLANEOUS 

Buzzer, 4 volt d.c. type 

Switch, single-pole on/off push button or rocker 

Battery, 4fV flat pack 

Wire, p.v.c. covered, single core 


The lamp compartment is now covered by a sheet 
of Perspex, preferably translucent. The number 
transfers are stuck on the Perspex in the right positions. 
Black masking tape is stuck down to the Perspex 
between the numbers. To protect these numbers, fit 
a sheet of non-inflammable celluloid on top of the 
Perspex and clamp both in place by screwing an angle 
aluminium frame round the edge to the wooden frame. 

All that remains now is to complete the wiring, 
including the buzzer and switch. A crocodile clip is 
used to make contact with the wiper by clipping to 
the rod. Finish of the complete case by covering with 
adhesive plastics sheet and fix the letters to the dial 
and disc. 




















































































COMPUTER EVOLUTIOIM 

PART TWO By S. A. HODSON B.Sc. 


BASIC AIMALOGUE CIRCUITS 


I N the opening article of this series, the differences 
between analogue and digital computers were 
explained, and their early development from simple 
calculating machines was traced. Now we shall come 
up to date and look at modern analogue computers 
and some of their uses. 

Two important concepts were described in the 
previous article. The first of these concepts was that of 
the “model”. It should be obvious that a scale model 
of a ship or an aeroplane will be a great help in predict¬ 
ing its behaviour when it is built full size. 

What may not be so obvious is that, especially in 
these days of electronics, the model need not be a 
physical scale model at all, but can be a model made in 
any medium the modeller likes to use. Of course some 
media are more direct than others, and it is this that 
directs the attention to the first means of classification 
of analogue computers: “Direct” and “Indirect”. A 
scale model of an aeroplane in a wind tunnel is a 
“direct” computer, whereas an electronic analogue 
computer, programmed to represent the aeroplane in 
the air flow, >^ould be an “indirect” computer. 

In this case, the electronic computer works by 
representing the air flow over the aircraft; and it does 
this by means of mathematical equations that can take 
into account every bump or curve on its skin. What is 
perhaps more important is that these equations can be 
altered to take account of a design change without the 
aircraft having to be hacked about by a welding torch, 
in fact the performance of the whole plane can be 
predicted before hacksaw has touched metal. 

These mathematical equations or “functions” as they 
are more properly called, are the second of the two 
concepts mentioned above: that of being able to 
represent any physical occurrence by means of an 
equation. 

COMPUTING MEDIA 

There are three main computing media in the field of 
analogue computing. The first of these is that of 
mechanics. Scale models are a good example of the 


direct application of a computing device ip this field, 
while a slide rule serves to illustrate the indirect use of a 
mechanical device. 

The use of the term “computer” about a scale model 
is not as loose as it may seem. Take for example the 
case of the model in the wind tunnel. Physical 
distances and hence velocities have obviously to be 
scaled, but what about the pressure, the density, and 
even the composition of the air flowing in the tunnel? 
These must be scaled too. 

A whole science known as “dimensional analysis” 
has ^own up around these scale models, and a lot of 
time is devoted to the calculation of the correct scaling 
factors for all the parameters involved in a scale model. 

The second medium used in analogue computing is 
the fluid; here the term fluid includes both liquids and 
gases, thus embracing the sciences of hydraulics and 
pneumatics in one term. The fluid medium is mostly 
commonly used in the direct fashion in scale models of 
dams and hydroelectric schemes. 

It can, however, be used indirectly, and a good 
example of this is the “electrolytic tank”. This device 
is used mainly in computations involving field theory 
of one form or another. The details are not important 
here but the general idea is to have a tank full of an 
electrolyte and to immerse electrodes in this tank. The 
arrangement of the electrodes represents the system 
being investigated, and when they are charged up, the 
value of the electric field at any point in the electrolyte 
can be used to calculate the behaviour of the system. 

The third, and certainly the most widely used, of the 
three media that have been mentioned is, of course, that 
of electronics; and it is the application of this medium 
that is of interest here. 

It should be noted that nearly all the devices described 
so far can only be used for one purpose. For instance, 
the model aircraft can only represent one full size 
machine, any other design will have to have a diflerent 
model. A computer of this type is known as a “fixed 
purpose” machine, and as such is limited in its field of 
operations. 









MATHEMATICAL FUNCTION 

The great advantage of an electronic computer is that 
U is a general purpose machine and can be programmed 
for one job then, when that job is finished, programmed 
for something entirely different. To achieve this 
flexibility of operation, the electronic machine works in 
the realm of the mathematical function, and it is to the 
explanation of these that the next few paragraphs must 
be devoted. 

Suppose that a capacitor is being charged from a 
battery, through a resistor. The voltage and current 
wave-forms will look like Fig. 2.1. 

If the graphs of V and I are examined more closely, it 
will be seen that the actual value of I is directly pro- 
iwrtional to the slope of V. That is, near the origin of 
the graphs, V is sloping upwards quite sharply, and I 
has a high positive value. As time progresses, V 
slopes less sharply and the value of I drops away. In 
mathematical terms this can be expressed 

where the term dVjAt is used to represent the rate of 
change of voltage V with time. The operation per¬ 
formed on V to get dF/dr is known as “differentiation”. 
The letter d is an arbitrary symbol of differentiation. 
Similarly, to get back to Ffrom dF/dr the process used 
IS known as “integration”, and may be written thus: 




Two very similar equations can be written to represent 
the behaviour of an inductor namely: 


/=-^jVdr (4) 

The elongated S sign denotes integration. 

No apology is made for starting at such an elementary 
point in the theory of functions, since these equations 
are by far the most important in the realm of analogue 
computing. It is in fact possible, with these four 
equations to set up solutions to the most complex 
differential equations imaginable. 

Just as it is possible to differentiate Fonce and obtain 
dF/dr, it is equally possible to do it again and end up 
with d^F/dr*. 

An easy way of understanding this is to consider a 
car travelling along a road, and to let the distance it has 
covered be x miles. Then if jr were to be differentiated 
djc/dr would be obtained which is the velocity of the car 
in miles per hour. A further differentiation would give 
d^x/dr^ which is its acpleration, in miles per hour per 
hour, and so on. In just the same manner integration 
may be performed again and again. 

In all these examples the function “time” t has been 
involved and the differentiations and integrations that 
have been performed have been done with respect to 
time. Any computations done with respect to time in 
this manner would be known as “real time” com¬ 
putations. 

A great deal of analogue computing is done with 
respect to time, although, as will be seen, it need not 
always be real time that is used. In some cases it is 
very convenient to use “half time” or “quarter time”. 
This gives a very powerful method of speeding up what 
may be a tedious calculation. 


r 

t: 




Fig. 2.1. Capacitor charging circuit with volt- 
age and current waveforms 

Having described the basic formulae involved in 
calculus (this is the term used to describe integration 
and differentiation), it is possible now to turn to the 
differential equation, which forms the basis of all 
computations performed on an analogue computer. 
The general form of such an equation is: 




This looks positively frightening, and as it stands, has 
no solution. However, if it is broken up into its 
separate terms, it will be seen that each term is no more 
than one differentiation of the previous term with a 
different constant attached. When all the terms are 
added together they might, for instance, represent the 
flow of air across an aircraft’s wing surfaces, or, in a 
simplified form, they might, as has already been seen in 
previous equations, represent the behaviour of a 
capacitor or an inductor. 


Solartron analogue computer in use in the electrical and 
mechanical research laboratories at the Universitv of 
Shefpeld ' 
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OPERATIONAL AMPLIFIER 

To turn now to the actual hardware involved, the basic 
linear computing unit is the “operational amplifier” 
(see Fig. 2.2). The amplifier has a very high gain, and 
its input current is assumed to be zero. 

If this is the case, then A = A, putting this in another 
form gives 



Now if the gain of the amplifier is in the thousands or 
even millions, then Vg can be neglected in comparison 
with V, and Kq, and this equation becomes 

Zt ~ Zi 



where G is the “closed loop” gain of the unit as a whole. 
Thus the gain of this device can be controlled at will by 
the user simply by juggling with the two impedances Z, 
and Z2. 

Suppose now that Zi was a resistance of lOkfl and 
Z2 a resistance of lOOkfi, then the gain C would 10 
and the output voltage Kq would be 10 times the input 
voltage Fi. This is a simple way of multiplying a 
variable voltage by a constant. In fact it has per¬ 
formed one of the operations required to form equation 5. 

The patch board and analogue control panel on the 
Solartron basic 24 amplifier equipment 






Fig. Basle operational amplifier 



Fig. 2J. Two Inputs fed Into a basic amplifier 



Fig. 2.4. Simplified diagram of an operational 
ampllfler 

In the above diagrams A Is normally prefixed with 
a minus sign to denote ISO degrees phase shift 

If the input voltage were to represent dx/dt, and 
Z2/Z1 = c, then the output voltage will be C(dx/dt); 
one of the terms in equation 5. 

Consider now what would happen if two inputs were 
added on to a basic amplifier, as in Fig. 2.3. 

Now, using the same assumptions as before, 

/« = A + A 

then 

K_yt,yi 

Ro Rs Ri 

therefore 



but RoIRt and RJRi can be varied independently of 
each other, and hence it is possible to add two variables 
together. For instance; 

Let 

Vi = 1 and RoIRi = a 

and 

= X while RolRz = b 

then Vt = a + bx, which are the first two terms of 
equation 5. It is easy to see how this technique can be 
extended to accomodate any number of inputs with 
different multipliers for each one. The only thing that 
remains now is to be able to differentiate and integrate 
electronically. Once this is possible, the whole of 
equation 5 will be constructed from just one input. 

The only type of amplifier that has been dealt with so 
far is that in which the two impedances, Zo and Zi (see 
Fig. 2.4) were both resistances. 
























Fig, 2JS. Zi it represented by a capacitor 



Fig. 2.6. Z, is represented by a resistor and Z, 
by a capacitor 


o——11-1 I -- 
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la the above diagrams A is normally prefixed with 
a minus sign to denote 180 degrees phase shift 



Eliiott air data anaiogue computer 
for aircraft. Signals from the air¬ 
craft’s sensors are converted for 
use in flight control 


It may have been noted that, in Fig. 2.4, no earth or 
zero voltage line has been drawn. This is a matter of 
convenience, and provided that all voltages given on a 
diagram are given with respect to earth, then no con¬ 
fusion should arise. This makes the drafting of large, 
more complex circuits, a very rfluch less tedious task. 

Having described the results of calling Zg and Z, 
r^istances, consider now what would happen if one of 
them, say Zi, were to be a capacitance, leaving Zn as a 
resistance, as in Fig. 2.5. 

Assuming, as before, that the amplifier draws no 
current at its input, then /„ = /, 
hence, using equation 1 





This means that the output of this type of operational 
amplifier is directly proportional to the differential of 
the input. It is now that the possibilities of such an 
amplifier begin to make themselves felt. Given, say, 
X in equation 5, and this may be the distance that a car 
has travelled as read from its trip-meter, then solely by 
using a tram of differentiators, as in Fig. 2.5, dx/dr, and 
all the further derivatives of jf, may be found. This gives 
the speed of the car at any one point; also, its accelera¬ 
tion, its rate of change of acceleration, and so on. 

Supposing Zo and Zi were to be interchanged, 
making Z„ a capacitance, and Z, a resistance, as in 
Fig. 2.6. 


In this case 



Now, remembering that, to get from d F„/d/ to Vg, it is 
necessary to integrate, it is possible to integrate both 
sides of equation 7, and get 

or 

The dr is included to show that the integration has 
been performed with respect to time. 

Not only is it possible to differentiate and multiply 
with an operational amplifier, it is also possible to 
integrate. 

The flexibility of these units is such that they can be 
mixed up together to give more complex results 
without having to use large quantities of hardware. 
For instance. Fig. 2.7 shows how a differentiator and a 
scaler ran be mixed together. This dodge can save two 
operational amplifiers straight away. 

It rnay have been noticed that nowhere in the 
preceding paragraphs is an inductor mentioned. 

The reason for leaving out the inductor is that in 
practical circuits for this purpose they are never used. 
Capacitors are cheaper, smaller, easier to obtain, and 
more stable than inductors. Furthermore, there just 
isn t any need for them, since all the functions that are 
needed can be performed using capacitors alone. 

In the next article it is intended to describe how 
these methods are put to use in practical analogue 
computers; types of d.c. amplifier that can be used; 
setting up for computation. 
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I N THIS feature we hope, from time to time, to be able to 
publish suggestions submitted by some of our readers on the 
possible improvement of projects previously described in 
PRACTICAL ELECTRONICS: short contributions on other subjects 
may be included. The aim is not to find fault or undermine the 
abilities or knowledge of our contributors. It may well be that the 
original article is par exellence but it could be improved or adapted 
to suit individual requirements. The views expressed by readers 
are not necessarily those of the Editor. 


AUTOMATIC SWITCHING OF TAPE RECORDERS 


T here are, of course, alternatives to the method 
(January 1967 issue) of automatically switching 
tape recorders. One, basically with less components— 
and no transistors—is shown in Fig. 1. This unit is 
simply interposed between the mains supply and the 
tape recorder. RLA is a Carpenter miniature polarised 
relay of the twin coil, each-side-stable variety (such as 
the 5c9, which has 1,600 ohm coils). Coil (b) is 
connected so that closure of the watch contacts pulls 
the relay armature “in”. It will, of course, remain 
“in” after the watch contacts have opened again. 

Coil (a) is connected so that the circuit completed by 
the tape foil moves the armature “out”. So long as 
the armature is “in” RLB is energised, completing the 
mains circuit to the tape recorder. Although, 
normally, the unit will not be used a vast number of 
times, the loads switched by the watch contacts and 
RLA contacts are each inductive and it would be 
desirable to suppress arcing by wiring a resistor 
(50-100 ohms) and a capacitor (0 05-0-1/<F) in series 
across each pair of contacts as shown. 

Provided the recording period is to exceed the period 
of closure of the watch contacts (about 35 minutes) a 
very short piece of tape foil will result in switching off 
the mains supply to the recorder. One of the short 
self-adhesive metallic tabs available from some photo¬ 
graphic dealers, fixed temporarily to the back of the 
tape, will do the job simply and conveniently if the 
tape deck contacts are suitably arranged. Motor 
over-run will take the tab past the contacts so that the 
unit ceases to draw current. 


For shorter recordings, a good electrolytic capacitor 
(say 200/tF) in series with coil (b) of RLA will allow 
a “pulse” (whilst the capacitor charges through the 
coil) to move RLA armature “in”, after which only a 
minute leakage current will flow—not enough to 
prevent the foil tab moving the armature “out” again 
at the required time. Obviously the leakage current 
will continue to flow only until the watch contacts 
open. 

Since the unit draws current only during the period 
of watch contact closure or the period of the recording 
—whichever' is the longer—consideration could well 
be given to battery operation, dispensing with a step- 
down transformer which would continue to be “alive”. 
Either way, the d.c. operating voltage is dictated by 
RLB: the Carpenter relay of the type mentioned, 
when in good mechanical adjustment, is capable of 
operation on less than half a volt and little more than 
a quarter of a milliamp—which means that each coil 
could have a quite large series resistance, if desired, 
to keep consumption to a minimum. 

If operation via a transformer and rectification is 
preferred, the circuit of Fig. 2, which uses an.additional 
relay, has the advantage of shutting off the mains supply 
to both transformer and tape recorder at the end of 
the recording. Operation is fairly obvious. Depres¬ 
sing the push-button or microswitch (of the biased-off 
type) closes the mains circuit to the transformer. 
Rectified low voltage then energises RLC through RLA 
contacts, and RLC contacts preserve the mains supply 
to the transformer when the push-button is released. 
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The pilot lamp (which also has another function 
mentioned later) indicates that the unit is set. 

When the watch contacts close, RLA contacts 
change over, energising RLE in place of RLC, but 
discharge of the capacitor in parallel with RLC delays 
its de-energisation long enough for its function to be 
taken over by RLE, thus preserving continuity of the 
mains circuit. RLE’s second pair of contacts complete 
the mains supply to the tape recorder. 

When the deck contacts are bridged by the foil tab 
and RLA changes over again there is a fraction of 
time during which its armature is between its side 
contacts, touching neither. RLC is already de¬ 
energised, and RLE is immediately also de-energised so 
that the mains circuits to both the transformer and the 
tape recorder are opened. However, the fraction of 
time is very small indeed and if sufficient charge 
remains long enough on the reservoir capacitor Cl, 
RLC will again energise—restoring the mains supply 
to the transformer, though not, of course, to the tape 
recorder. During the changeover, RLA (via the foil 
tab) will briefly take some current from Cl but it will 
be very little; the pilot lamp will take much more. 

On completion of the changeover, C2 presents a tem¬ 
porary virtual short to Cl, after which there may be 
some remanent charge on both capacitors at something 
less than maximum voltage) draining rapidly away via 
the pilot lamp and RLC coil. If the capacitance of Cl 
is chosen to be no greater than is necessary to obviate 
relay chatter, the probability is that all will be well— 
so long, at least, as the lamp doesn’t fail. 

There is a simple way of making sure; a resistance R, 
will make RLC slow to close without disturbing its 
slow-to-open function—provided RLC, C2 and R all 
have fairly high values. A little experimenting with 
alternative values of C and R, with the pilot lamp 
removed, should quickly ensure satisfactory operation. 
If necessary, a bleeder resistance can be fitted across 
Cl. Remarks, in respect of Fig. 1, concerning short 
recordings and inductive loads clearly apply also to the 
circuit of Fig. 2. All relays should be capable of 
operating at the supply voltage (6-3V) and have 
heavy duty contacts. 

If the tape recorder to be used has a three-core 
mains cable, the earth line can obviously also be used as 
a connection between the control unit and the “earthed” 
contact of the pair on the deck which are bridged by the 
tape foil. This leaves a single line connection to be 
made (e.g. by banana plug) to the insulated deck 
contact. 
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FOIL TAB 0« BACK OF TAPE CONTACTS 


Fig. 3. Insulation of the tape guide and position with 
respect to the heads 


Any rectifier diode rated at about 12V O-SA will 
suit for DI. 

N.E. Reference to removable self-adhesive foil tabs 
assumes use of a deck contact assembly similar to those 
in Fig. 3, which are easily made up. If separately 
mounted contacts are used, the length of stop foil 
spliced into the tape should be only marginally longer 
than the distance between them. 

N. G. Dix, 
London, W.l. 


We would stress that neither this system nor the original system 
(January 1967) are immune from the possibility of "flats" occurring 
on the rubber capstan roller if this is mechanically held engaged 
while the recorder is not running. 

SIMPLE SITAR 


I N THE “Simple Sitar” (Ingenuity Unlimited, March 
issue) there should be a resistor 220k D between 
TRI base and the negative supply line. R1 on the 
published circuit should be 4-7kn and R2 220kn. 
The battery voltage is 9V. 














































FUEL SAVER TIME SWITCH 


I HAVE a solid fuel central heating boiler with a mains 
driven combustion air fan normally controlled by a 
thermostat. The arrangement as supplied wastes fuel 
overnight or goes out if the thermostat is set low due to 
the long waits between “fan on” phases when no heat 
is abstracted from the primary circuit. To cure this I 
found that a thirty second puff every half-hour would 
keep the fire alive without wasting heat. I modified 
the Time Switch (October 1966). 

The basic time switch was used to control a power 
transistor with a 9V relay (with heavy duty contacts) 
in the collector circuit. The delay period was extended 
by substituting a 1,000/tF at Cl and a lOMfl resistor 
at R2 and a recycle delay (to keep the relay closed for 
periods of up to a minute) arranged by discharging Cl 
through a lOOkfl preset potentiometer switched in by 
the relay. 

Commercial units quoted for the same duty were 
priced in the £10 region. My switch cost £4 complete 
with 9V d.c. supply from a mains power unit. 

The same system, with slight variations, might be 
used for intermittent feeds, sampling devices, lighting 
displays, fountains and the like. 

C. Mattingly, 
Wormington, 
Worcs. 

THERMAL DELAY 


I F THE Car Burglar Alarm System in your February 
issue is wired as shown, when the system is switched 
off, the mercury switches SI and S2 will short-circuit 
the door switch whilst the car is in motion, and thus 
will flash the interior light. 

This can be avoided by inserting a single-pole 
changeover switch S4 into the circuit as shown in 
Fig. 1. 

It must be remembered when wiring in S4 that there 
can ^ up to four door switches; make sure that it is 
connected correctly. 

As it is possible for the alarm to be set off accidentally, 
the owner may return to find a flat battery. 

Fig. 1 also shows a modification to overcome this 
difficulty. 

The system is operated in the conventional manner 
with mercury and door switches. When the alarm 
has been set any interference with the car will sound 
the horn for 30 seconds after which the alarm will 
reset itself. If the interference continues the alarm 
will not reset but continue sounding until manually 
restored. 

When the concealed switch S3 is operated the two 
relays RLA and RLE are connected in series with the 
door and mercury switches. 

When the circuit is completed via SI, S2, or the 
door switches, RLA operates and holds in via RLAl, 
relay RLE is a thermal delay relay which will take 



Fig. I (above). Modified 
parts of the original Time Eo— 
Switch circuit 


Fig- 2 (right). Mains 
supply Is fed via the “day 
night” switch and RLAl 
to the air fan 



30 seconds to operate. The car horn will sound via 
RLA2 for 30 seconds until RLE operates and RLEl 
disconnects the relay circuit. RLA and RLE will 
release, if SI, S2, or the door switches are operated 
still. Relay RLA will reoperate and the horn will 
continue to sound. If the source of interference is 
removed RLA will not reoperate, thus avoiding the 
nuisance of flat batteries or having to attend to false 
alarms. 

The thermal delay relay recommended is the P.O. 
type (Fig. 2). This can be mounted on the PO 3000 
type relay, thus if RLA is the PO 3000 type relay 
the unit will take up very little room. 

This thermal relay can be adjusted to give a delay 
of 10 seconds to 60 seconds in operate lag, the release 
lag is 1-15 seconds depending on the operate lag and 
the ambient temperature. 
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IVIODEI- CONTROL. 


PART ONE 

The short series in Practical Electronics on Miniature Model 
Control gave constructional details of a transmitter, 
receiver, and three amplifiers designed specifically for use 
in small models. 

Sufficient information was given to allow the reader to 
construct and put into operation the basic units of equip¬ 
ment, to the point where a single or multiple on-off 
function could be obtained in response to a push-button 
command from the transmitter. 

The next stage described here is conversion of a switched 
function to mechanical operation of various controls 
within the model itself. 


A n ideal form of model control system is one where 
angular rotation of potentiometer spindles at the 
transmitter is faithfully reproduced by a like rotation of 
corresponding powered shafts in the model, which are 
linked to functions such as steering, or engine speed. 
The majority of existing systems only approximate to 
this ideal, for the very good reason that a “full house” 
proportional outfit is rather expensive, and may use as 
many as 60 or 70 transistors. Nevertheless, it is 
surprising what can be done with very simple equip¬ 
ment and a skilful operator, particularly in the field of 
miniature models. 

STEERING 

The ability to point the model in any desired direction 
can be claimed as the prime requirement, and it is 
possible to achieve interesting results with steering 
alone. Other controls, such as stopping and reversing, 
can be added later. 

Before going on to a description of an integrated 
steering unit it would be as well to explain first the 
action of the clockwork escapement. The illustration 
of Fig. 1 may help to make clear the sequence of events. 


which is common to all four-arm escapements, including 
rubber powered ones. 

Referring to Fig. I, when a pulse is applied to the 
electromagnet by brief closure of the reed switch in the 
amplifier module, the latch will move down, releasing 
arm 1 of the rotor. The rotor is then free to move 
quickly under power, and drive the crank round, but the 
top of the latch has moved inwards and blocks the path 
of approaching arm 3, now on its downward journey. 
Thus, the rotor stops just before the crank has reached 
its full control position. 

When the pulse ceases the latch is pulled back by its 
spring against the top stop, releasing arm 3. The 
bottom of the latch just has time to move in and stop 
arm 4 when arm 3 is released, add the crank attains full 
control position. 

Therefore, with a single input pulse of indeterminate 
length, the escapement has unlatched, moved under 
power to the next position, and relatched on cessation 
of pulse, ready for the next command to be given. 
From this it will be clear that a four-arm escapement 
can provide positive positioning of its crank with the 
minimum fuss and bother at the transmitter end, and 
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Fig. I. Simple four-position 

sequential escapement — pulse 
operated 



















































power is only taken from the battery for the duration of 
the pulse (typically 3(X)-400mA). 

It is only necessary to remember the simple sequence 
right, neutral, left, neutral to make the model go 
straight ahead or to left or right. Two or three fast 
pulses in succession will cause the escapement virtually 
to skip positions. Intermediate steering alignment can 
be approximated by fast work on. the transmitter 
button, so that the escapement only remains at full 
right or left for a very brief time, sufficient to “twitch” 
the model in the desired direction; this is where the 
skill comes in. 

The “Rising” Mark 1 four-arm escapement used with 
the prototype is manufactured by Rising and Schulz, 
Whissendine, Rutland, and can be obtained from many 
model shops. There is enough crank power available 
for a small boat or aeroplane, and the escapement has 
even been employed by the author to turn the steering 
wheels on a model car weighing over one pound. The 
clockwork motor will yield more than 150 complete 
revolutions of the crank on one winding. 


INTEGRATED STEERING UNIT 

The integrated steering unit, shown in the photo¬ 
graphs, was made with the Receiver and Amplifier “A” 
module. Being only Sfin long, this unit is small 
enough to fit inside electrically powered model boats, 
cars, and tanks. All-in weight, including batteries, is 
4 ounces, making the unit suitable for fairly small model 
aeroplanes. The main reason for having an integrated 
unit is that it can be quickly transferred from model to 
model, thus avoiding unnecessary duplication and 
expense. 

Propulsion motors tend to radiate considerable 
electrical interference, due to sparking on the brushes. 
One remedy is to wire two 0 05/<F capacitors from the 
brush holders to the metal body of the motor, but even 
then interference may still be experienced, especially 
when the Receiver is positioned close to the pro¬ 
pulsion motor. 

Looking at the circuit in Fig. 2, interference control 
VRl has been introduced between the Receiver output 
and Amplifier “A” input. If interference does cause 
spurious triggering of the escapement, VRl can be 
backed off to just past the point where triggering 
ceases. There may be some slight loss of range, but 
not enough to prove troublesome. 

VRl also serves as an accessible connection for a 
pair of high impedance headphones, which are used to 
monitor Receiver operation and tone signal from the 
Transmitter. 

Miniature model control receivers do not normally 
incorporate extensive supply decoupling but, when 
powered by low impedance Deac type rechargeable 
batteries, stability is adequate. However, if high gain 
transistors have been employed in the Receiver circuit 
there may be instability when it is coupled to a small 
layer built primary battery, such as the PP5. A simple 
cure for this instability, which lowers the effective 
battery impedance, is to wire a sub-miniature 100/iF 
capacitor between the negative supply rail and earth. 
This is shown in the photograph on the underside of the 
mounting panel alongside BY2. 

The steering unit, receiver and amplifier “A” modules 
are fixed to a mounting board by means of rectangular 
pieces of foam plastic, held in place with spots of glue. 
Although quite firm, the foam will absorb vibration 
from the propulsion motor, and guard against fatigue 
of soldered joints. 
















































Having constructed and used the integrated steering 
unit, the enthusiast may wish to introduce other 
“iMBCtions, such as “stop-start” and “slow reverse”. 
One virtue of the unit form of construction is that 
changes can be made wiaffistfe-i disma ntlinp the original 
modules. - ^ 

The only real headache is in finding a bit more space 
in the model to take extra circuits and batteries. If the 
intention is to equip one particular model only, better 
use of available space can be made if the sub-units are 
dispersed, instead of being assembled in integrated 
form. It is amazing how much can be stowed away in 
a tiny model if circuits are built on individual panels 
less than 1 in square. 

The stop-start control can be readily added to the 
steering unit at the expense of a space measuring 
lin X lin x ^in, and no extra batteries will be needed. 
Furtherrnore, this motor control can be used without 
any modification to the simple single tone transmitter. 

To make the propulsion motor stop, it will be ’ 
necessary to hold down the tone button on the trans¬ 
mitter. It may seem the wrong way round to keep the 
model stationary with a continuous tone, but the 
reason for this becomes apparent when it is considered 
that the model spends most of its active time going 
forward, and that stopping is only used for manoeuvring 
or in an emergency. 


In the 

break free, _ ____ 

ponents. The crank can be attached the top 

of the output spindle (as shown in the phr>tf |a^^ or 
underneath close to the rotor. 

High power cells are recommended for BY2 (for 
example, HP7), and are slung below the mounting 
board and held with a rubber band. Although a small 
box equipped with spring contacts could be made up to 
take the cells, soldered connections are more reliable. 
Pairs of cells can be quickly taped together and soldered, 
and it do« not take long to connect such a battery to a 
set of miniature screw terminals on the mounting board. 
In the pulsed mode, the HP7 will give a surprisingly 
long life, and battery replacements are infrequent. 

BYl is not fixed to the mounting panel, but is used as 
ballast to trim the model. Similarly, switches SI and 
S2 (Fig. 2) should be conveniently mounted on the 
outside of the model. BYl is held by a rubber band, 
and the two switches can be attached to a sub-panel, 
designed for quick removal. 

If the layout has been well arranged, it should be 
possible to transfer the integrated unit in a few minutes 
to another model. One further practical point; the 
linkage to the rudder or steering can be a piece of wire 
with a 90 degree bend at the end, to drop into one of the 
holes in the crank. This is prevented from jumping out 
again by a short length of tight sleeving slipped on the 
end of the wire. 
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Fig. 3a. Stof>-ftort panel topside and underside 



“Stop-start” circuit details are included in Fig. 2. 
The bulb LP1 is introduced as a battery economiser. If 
the escapement is to be held on for long periods 
it will draw a continuous current of some 300mA, but 
with the bulb in series this is reduced to approximately 
150mA. The resistance of a cold filament is much 
lower than that of a hot filament, therefore, a heavy 
initial current will flow through the escapement coil 
when RLAl contacts close. 

Before the bulb has time to warm up, the escapement 
latch is quickly pulled in, then the bulb glows and the 
current is reduced. The glow of the bulb is also a clear 
indication of correct circuit operation, and can be very 
usefully employed on single-handed range checks. 

Unfortunately, although an attractively simple 
arrangement, the bulb does tend to slow down escape¬ 
ment speed and if pulses are sent in rapid succession, the 
bulb warms up and escapement current temporarily 
drops to a point where the latch is no longer pulled in. 
A preferred form of economy circuit will be given later. 



( 6 ) ( 6 ) 


Fig. 4. Fitting economy eontoeti to the escapement 


OPERATION OF “STOP-START” CIRCUIT 

Since relay coil RLB (Fig. 2) is wired across the reed 
switch RLAl, a current will flow through this when 
RLAl contacts are open'. This is sufficient to close 
reed switch RLBl and set the propulsion motor going. 
RLAl contacts will therefore remain closed when there 
is no signal, but a continuous tone from the transmitter 
will hold them open. 

R1 and C2 suppress the arc across the reed switch 
contacts when switching a heavy load; motor 
interference suppression capacitors C3 and C4 are also 
shown. Only the body of the motor is connected to a 
common earth point, and both brushes are left floating 
relative to earth. Rl, C2, C3, and C4 should .be 
mounted close to the propulsion motor, as permanent 
fixtures in the model. . 

“Stop-start” panel details are given in Fig. 3. The 
unit is very simple indeed, and can be mounted directly 
on the steering unit. RLB coil is wound with 2,000 
turns of 40 s.w.g. enamelled wire, and bobbin con¬ 
structional details are given in the inset diagram. 

REED SWITCH RATINGS 

A point well worth ronsidering, which is related to 
size of model and equipment, is the current rating of 
miniature and sub-miniature reed switches. Miniature 
model electric motors have a high stalling current 
rating, sometimes well in excess of 1 A, but the miniature 
reed switch, depending on type and contact material, 
has a typical long-life rating of 0-5A. If absolute 
dependability is called for, the switch rating should not 
be exceeded. 

Although there is no reason why larger armature 
relays should not be used in bigger models, the reed 
does offer exceptional reliability and compactness, and 
an expected life of 100 million operations when not 
overstressed. Some standard size reeds, encapsulated 
in 2in glass envelopes, are capable of handling as much 
as 3A, and can be wound with exactly the number of 
turns and gauge of wire as a miniature reed in the same 
circuit. A bobbin for a standard reed need only be 2in 
long by fin dia. for a 90 ohm coil. 

When a heavy current is to be switched it is recom¬ 
mended that larger reeds are used, either to replace the 
miniature reed or as slave relays. Reed switches were 
carefully chosen for the circuits given here, bearing in 
mind cost and current loading. The type numbers in 
the circuits are for Hamlin switches, and these are 
obtainable direct from Flight Refuelling Ltd., Industrial 
Electronics Division, Wimborne, Dorset. 






























No hard and fast rules can be laid down when so 
much depends on individual application, but it is 
sometimes better to retain miniature reeds and replace 
the motor in the model with a low consumption p’-o- 
pulsion unit, where high current is a problem. This 
will also bring a bonus in model operating time due to 
lower battery drain. A suitable motor for small boats 
or cars is the Microperm 2000, which has a stall 
current of 400mA, a running current of about 150mA, 
and measures lin x ft in diameter case size. 

ECONOMY CONTACTS 

For a very fast escapement speed with good “hold- 
on” economy, a set of contacts can be added to an 
escapement, as shown in Fig. 4. The contacts are 
normally closed when the escapement coil is not 
energised. When the latch moves, the contacts open 
and place LPl in series with the escapement coil, 
roughly halving the current consumption. As before, 
the bulb will light up and can be employed as an 
indicator. 

REVERSING THE PROPULSION MOTOR 

Up to this point operation has been confined to one 
channel, using a modulated carrier only. It is possible 
to employ the unmodulated carrier virtually as a 
second channel for a separate function. 

Amplifier “C” was originally intended for a 6V 
supply, but will work on a 3V source if an extra com¬ 
ponent is added. It may be remernbered, from the 
earlier article, that Amplifier “C” is biased olf by noise 
from the receiver. When a plain carrier is received, the 
amplifier switches on its relay, but does not respond to 
modulation. . 

Equally, Amplifier “A” does not respond to plain 
carrier, so there are two interaction free channels when 
both amplifiers are incorporated in a single unit. 

The modified Amplifier “C” circuit is shown m 
Fig. 5. Enough free space exists on the amplifier 
panel to take not only the extra feedback capacitor C3, 
but a sub-miniature pre-set potentiometer VRl and a 
15 ohm relay coil identical to that used for Amplifier 
“A”. 



Fig. 5. Modified version of Amplifier "C" to operate from 
a 3V battery 


Amplifier “C” panel, together with the “sto^ 
start” unit, are attached to the “free” end of^ the 
escapement, opposite the Receiver and Amplifier A . 
The complete control unit is 4iin long and weighs 
5 ounces. 

REVERSING CIRCUIT OPERATION 

Fig. 6 gives the complete circuit. A changeover reed 
relay RLC has been introduced as a simple means of 
reversing the propulsion motor. BY3 is the mam 
propulsion battery and the smaller battery BY4 is 
switched in by RLCl to provide slow reverse when a 
plain carrier is received. As before, the motor is 
switched off by RLBl. 

Pre-set VR2 allows Amplifier “C” to be trimmed for 
optimum results without the necessity for altering the 
value of Cl in Fig. 5 and, at the same time, acts as a 
series resistor so that the signal from the receiver is 
equally shared by both amplifiers. 

Note the economy contacts on the escapement in 
Fig. 6, and the new values of suppressor resistors in the 
motor circuit. The reeds of RLB and RLC can be 
coupled to the motor circuit with a B7G plug and socket 
or similar midget connector. 
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SETTING UP 

Connect a pair of headphones via a 0'1/tF capacitor 
between VRl and earth. Set VRl to its mid-position 
^nd close SI; the hiss from the Receiver should be 
audible. Check that the Receiver is responding correctly 
to a tone signal from the transmitter to the limits of 
range. Retune the Receiver if necessary and slightly 
advance VRl. ^ 

Next, switch on S2 and see if the escapement 
functions, and does not skip a position when the 
transmitter button is pressed. It is a good plan to set a 
small electric motor running close to the receiver to see 
if there is any interference. If the escapement starts 
operating of its own accord, back off VRl. 

When “stop-start” is included, see that this functions 
correctly when RLBl is coupled to a running electric 
motor. The bulb should light when the transmitter 
button is held down. 

For Amplifier “C” the following procedure is 
adopted. Having first ensured that steering and 
stopping circuits are responding well to the transmitter, 
connect Amplifier “C” to S2 and connect VR2 to the 
receiver output. Advance VR2 until RLC just 
operates then back off VR2 slightly. The correct 
settmg IS when a very slight noise is just audible from 
RLC reed switch. A loud noise will denote that the 
reed contacts are opening and closing spontaneously. 

This may be checked with an ohmmeter or a bulb and 
battery. Key the transmitter button with modulation 
switched off. If all is well, RLC will change over its 
reed contact to the reverse position. 

Test the plain carrier range, which should be slightly 
more than half the distance obtained with tone signals. 
A table of current consumption figures is given as a 
guide for setting up. 

OTHER INSTALLATIONS 

It is hoped that the information given here will 
enable the reader to equip a model, and devise alter¬ 
native arrangements, with different amplifier and reed 
switch combinations. For example, if the transmitter 
IS modified to give two tones, at IkHz and 5kHz, tuned 
Amplifier “B’’ can be placed in parallel with Amplifiers 
A and “C” to provide an extra channel, assuming 


Table I. CURRENT CONSUMPTION 



No signal 
(mA) 

Tone 

(mA) 

(mA) 

BYI Receiver 

4 

5 

4S 

Amplifier "A” 

2 

ISO 


Escapement with 
economiser 

zero 

ISO 


RLB 

30 

zero 

*30° 

Amplifier "C” 

7 


ISO 

BY2 total 

39 

30S 

180 


that two more pen cells are added in series with BY2 to 
give the 6 volts necessary for. Amplifier “B . 

A frequency determining ladder network in 
Amplifier “B” circuit (January issue) is tuned by 
capacitors Cl, C2, C3. If 0-02/tF capacitors are used, 
the amplifier will respond to a 5kHz tone. A 0 02/itF 
low frequency blocking capacitor should also be added 
m series with the Amplifier “B” input resistor. As 
Amplifier “A” cuts off sharply above 2kHz there will be 
no interaction between “A” and “B” channels. 

The circuit diagram of the transmitter and Amplifier 
B” will be reprinted in Part Two of this article. 

A motorised servo can be used in place of an escape¬ 
ment and the wiring diagram supplied with a new servo 
will show how to couple to various forms of amplifier 
output. Although bigger than an escapement, a 
sequential servo works in a similar manner and its 
greater crank power is suited to bigger or heavier 
models. 

Several readers have queried the r.f. chokes used in 
the transmitter and receiver circuits. The prototype 
chokes were not, in fact, home wound. They were 
taken from valve type i.f. transformers. There is now 
available an excellent 97mA ImH sub-miniature choke, 
scarcely bigger than a i watt resistor and this has been 
surcessfully used in both circuits. Manufactured by 
Painton, the choke is now available from Electroniques 
(Prop STQ Ltd., Edinburgh Way, Harlow, Essex, with 
the code munber 58-10-0023-10. 


Meetings . . . 


INSTITUTION OF ELECTRICAL ENGINEERS 

LONDON 

Date: May 19 

Title: Colloquium on “Advances in Measurements 

Brought About By Recently Introduced 
Semiconductor Devices” 

Time: 9.30 a.m. 

. Address: I.E.E., Savoy Place, London, W.C.2 
Tickets be obtained from the Secretary, Savoy Place, 


Date: May 24 

Title: The Postal Service and the Electronics 

Engineer 

J. Piggott and T. Pilling 
Time: 6 p.m. 

Address: I.E.E., Savoy Place, London, W.C.2 


SOCIETY OF ELECTRONICS AND RADIO 
TECHNICIANS 

GLASGOW 

Date: May 19 

Title: Computers—A. Coppell (I.B.M.) 

Time: 7.30 p.m. 

Address: Y.M.C.A. Club, Bothwell Street. Glasgow 

INSTITUTION OF ELECTRONIC AND RADIO 
ENGINEERS 

LONDON 

Date: May 24 

Title: Symposium on “Television Network 

Switching at the Post Office Tower” 

Time: 5.30 p.m. 

Address: 8-9 Bedford Square, London, W.C.l 


READING 

Date: May 23 

Title: Astronomical Instrumentation 

Prof. P. B. Fellgett 
Time: 7.30 p.m. 

Address: J. J. Thomson Physical Laboratory, Univer¬ 
sity of Reading 
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PART SEVEN 


By ALAN DOUGLAS, Sen.Mem. I.E.E.E. 


VIBRMI = 

EIECTRBMC RNR 
RIEGRRNIUIRIEIRRRS 


M odern instruments rely greatly on the use of 
vibrato. This is partly because vibrato is an 
essential ingredient of romantic music; partly because 
it enhances the effect of certain tone qualities which 
would otherwise sound very dull and monotonous; 
and partly because it is a fashion or symbol of the times. 

The word vibrato is of comparatively recent origin. 
It covers a multitude of sins because it can be freqi^ncy 
modulation, amplitude modulation, or a bit of both. 
Strictly speaking vibrato is equivalent to the tremulant 
on a pipe organ, first applied by the French; the word 
tremulant is a corruption of their expression tremblant. 
Because pipes are very sensitive to pressure changes, 
the device as normally fitted shakes the wind supply to 
certain selected ranks of pipes and this causes a con¬ 
siderable change in pitch, though not so much in 
volume. The effect is very agreeable if carefully used 
and when produced electronically, vibrato should give 
an equivalent result. . 

In some instruments only the volume is varied 
cyclically, and this is described as tremolo-, an expres¬ 
sion of Italian origin, intended to refer to the human 
singing voice. It is not so effective on organs as 
vibrato. 

METHODS AVAILABLE 

We can introduce the vibrato effect in two ways; 
either something can be done to the circuit to alter its 
characteristics as required; or a mechanical device 
can be applied to a loudspeaker to produce the desired 

On account of the stability in tuning so easily attained 
with transistor generators, it is not always easy to swing 
the oscillators to the required extent. Further, m a 


frequency divider organ, all notes down to the lowest 
will be modulated, and as the frequency of vibrato 
commonly lies between 5 and 6Hz, pedal notes of 16ft 
pitch may be so modulated. This produces a most 
objectionable effect. . 

An alternative electrical method is to use a phase 
shift circuit following the generators, a necessity if 
these are of the vibrating reed or gear driven iron whwl 
type, since generators cannot be made to go oif pitch. 
In such phase shift circuits, the pass band can be so 

adjusted that the bass is not modulated. 

The last method, mechanical control of the sound 
waves, is the most effective from a truly musical point 
of view. Although only recently becoming popular, 
and heralded by some makers as a new invention, it is 
the oldest type of vibrato and was actually used in 
reed organs over 100 years ago! The forerunner of 
the present methods was the Everett Orgatron of 1935, 
whilst John Compton took out a patent for a rotating 
horn loudspeaker in 1936. Today, Donald Leslies 
design is widely used in various forms, although the 
rotating unit devised by Jerome Markowitz in 1940 is 
a standard part of the American Allen organs; and 
more recently, there is the Compton Rotofon—an 
almost identical arrangement. 

The foregoing represent all the means at present in 
use, although some ingenious alternatives have been 
proposed. So let us examine them in turn. 

ELECTRONIC METHODS 

In the majority of types of electronic organs which 
are likely to interest readers of this magazine, a Hartley 
type of oscillator is used as a prime oscillation generator. 
Although we will deal with transistor methods exclusively 
so far as the Practical Electronics organ is 
concerned, it must not be forgotten that there are 
thousands of valve organs in existence; therefore we 
show one transistor and one valve circuit in this article. 







































Fig. 7.1. Typical Hartley oscillator tone generator, with 
buffer and shaping stage to drive dividers 


Because a transistor is substantially current operated, 
it is harder to produce a large change in the bias than 
in the case of a valve; and the “slope” of a transistor 
is entirely different from that of a valve. In Fig. 7.1 is 
shown a popular type of Hartley oscillator for organs. 
Other types vary only in detail. Differing voltages, etc. 
are merely due to the use of different kinds of transistor. 

The base is the most sensitive element to modulate, 
so we find a connection which is normally floating, 
that is, not connected to anything, but which may be 
connected to a varying voltage supply through a high 
resistance which will not divert current from the 
oscillating circuit. Since the circuit shown delivers 
only a few volts to the load, it is possible to alter the 
frequency by injecting a few volts into the existing base 
bias. But this will very much depend on the kind of 
transistor used. It has long ago b^n found that there 
is an optimum value for the frequency of vibrato so 
produced, and this is about 8Hz. Many people prefer 
a slower rate of modulation, consequently vibrato 
oscillators are adjustable for frequency. 

It is most important that the vibrato waveform be as 
sinusoidal as possible, otherwise harmonics may be 
injected into the oscillator proper and also, the swing 
must be equal either way. A sine wave vibrato is 
therefore desirable. This also has the merit that the 
rise and fall of the sound is truly continuous and is not 
held up at all during a cycle as can happen with a square 
wave multivibrator. The phase shift RC oscillator is 
widely used to provide the vibrato modulation but this 
kind of oscillator requires high gain transistors. 


BRIDGED-T CIRCUIT 

A very successful circuit is the tuned bridged-T 
shown in Fig. 7.2. This was originally described in 
the Wireless World for December 1962 by Mr F. Butler, 
and can be adjusted to give the frequency for vibrato 
modulation as shown in the diagram. 

One point to note with this circuit is that the feed 
resistors form part of the oscillator proper, so all must 
be wired up (probably 12) before tuning. Advantage 
can be taken of this arrangement to vary the degree of 
vibrato for different oscillators if desired by raising or 
lowering the value of these resistors until the effect is 
judged most pleasing. There is provision for altering 
both the amplitude and the frequency, and since this 
latter is very low, the controls can be brought out to 


the console stop panel without trouble. The effect of 
this oscillator on the signal from a tone oscillator is 
shown in Fig. 7.3. 

Turning now to the kind of circuit which follows a 
tone system, which in itself is not made to alter in 
pitch or volurne, and is therefore applicable to any 
kind of electrical tone source, it is found virtually 
impossible to achieve the same simplicity circuit-wise 
and the simplest arrangement is given in Fig. 7.4. 
Unfortunately valves are required for this purpose, 
but there seems little reason why the circuit should not 
be transistorised. Filters are shown in the output 
stage to remove the switching transient and also to 
attenuate the bass. 



Fig. 7.2. Bridged-T vibrato sine wave oscillator 



Fig. 7.3. Effect of vibrato circuit of Fig. 7.2 on tone 
oscillator waveform 
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Such vibratos have been used by Wurlitzer, Kinsman, 
and Schober, and have the merit that any signal not to 
be so treated need not be connected to the unit. Thus, 
one manual need not have vibrato, nor the pedal 
department, even with a common generator. 

MECHANICAL METHODS 

Mechanical means for modulating the tone always 
involve some device which alternately opens and closes 
the direct radiation path from a loudspeaker. The 
earliest types used flat paddles revolving in front of a 
cone, as in Fig. 7.5. This scheme is still very effective, 
but has the drawback that the vane might stop in such 
a position that the sound was blocked off. Experimen¬ 
ters who have not tried this very simple idea might like 
to investigate. The effect is very pleasing, improving 
of course as the frequency rises. The difference 
between the fixed rate of rotation and the frequency 
source will then be greater, since the effect is based on 


LOUDSPEAKER CONE 
Fig. 7.5. Rotating paddle vibrato system 


Doppler’s theory which states that: 

/(frequency at point of observation) 



where V = velocity of sound in the medium (air) 
Fs = velocity of source 
/g = frequency of source 

Unless the vane is shaped to fit the cone, the degree or 
extent of the vibrato will not be great; and of course 
some part of the cone will always be exposed and not 
modulated. Therefore other ideas were investigated. 

ROTATING SPEAKERS AND BAFFLES 

Since tremulants are always most effective at the upper 
frequencies, early attempts involved rotating horn 
loudspeakers. This does away with the difficult 
problem of a baffle and ensures a high degree of cut 
off as the horn turns away. However, current must 
be fed into the circuit by some means and in the first 
attempts, slip rings proved troublesome. Then, to 
extend the response of the loudspeaker further down 
the scale, the size became a problem. This was solved 
in the Leslie devices, which are as numerous as they are 
varied. 

Two basic types exist; one which rotates a small 
loudspeaker without a baffle; and one in which the 
speaker is stationary and a shaped baffle rotates above 
or below the cone. A baffle is generally used in this 
arrangement. The small units which themselves rotate 
are fed with the signal from a transformer with a 
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rotating winding; in the case of the larger units, 
connections are of course normal. Driving motors 
may have more than one speed, since except for the 
American Allen, a.c. motors are used and the speed is 
not so easily controlled. 

Taking the Leslie units first, both patterns are shown 
in a basic form in Fig. 7.6. The smaller units (Fig. 7.6a) 
turn rather fast, but produce a very complex radiation 
pattern which is most effective on high notes. The 
larger units (Fig. 7.6b) are more generally effective, and 
some makers fit them inside the console. One obtains 
true modulation of both pitch and volume, and this is 
why they sound better than any electrical means of tone 
modulation. But why they should be so expensive is a 
mystery. 

A rather different approach is taken by the Allen 
organ company and also the Compton organ 
company. Here we find several loudspeakers mounted 
on a circular baffle which must be of large size. This 
assembly is rotated as a whole inside a large box open 
at the back and there is no real attempt to make an 
airtight seal between the rotor and the case. Current 
is fed in by slip rings. Several channels can be wired 


Fig. 7.7. Eorly Constant Martin tremulant device 

into the unit, and because of the large arc described by 
the loudspeakers, the sound appears to move from side 
to side rather in the manner observed with a pipe organ 
when near at hand. 

Apart from the main use as a vibrato device, it is " 
found that if the baffle is turned very slowly, the spread 
of sound has a spacious quality which imparts a . 
suggestion of a large room. Used with reverberation 
of the right kind it is therefore a useful adjunct to the 
organ, but it is not effective unless of large size. Of : 
course, electrical vibrato can be added to any of these 
mechanical devices, when all kinds of effects become 
possible. 

AN EARLY DEVICE 

An early attempt to introduce modulation after the 
tone generators was made by Constant Martin, who 
used the ingenious little device shown in Fig. 7.7. The 
signal from the generators passed through the “field” 
coils on its way to the amplifiers, whilst the vibrato 
voltage passed through the armature windi|gs, and so 
was superimposed on the main signals. A small 
motor drove the armature. 


Book review 


By M. D. Armitage 

Published by George G. Harrop and Co. Ltd. 

390 pages, S^in x 8|in. Price 30$ 

T his is the second edition of a popular textbook first 
published in 1961. Completely revised and with a 
considerable amount of additional text, this book must 
be a natural choice for the second-year technical 
student intending to cover the “Principles A” syllabus 
of the City and Guilds of London Institute’s Tele¬ 
communications Technicians’ Course (No. 49). 

As a class work adjunct, or as a tutor text, for those 
who might sit this examination as external candidates, 
this will prove more than adequate in covering the 
syllabus requirements. 

Liberally illustrated and with numerous worked 
examples, each chapter is completed with a set of 
questions, many of them from part C.G.L.I. examina¬ 
tion papers, and answers which are contained at the .. 
back of the book. g.m.h. 
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A ny conventional single beam oscilloscope' can be 
quickly and easily converted to dual trace or 
multiple trace at low cost. 

Trace doubling circuits, or “chopping” circuits 
as they are sometimes called, are by no means new 
in this application. Most modern oscilloscopes with 
two or more beams usually employ two quite inde¬ 
pendent electron beam sources or else resort to the 
cheaper method of beam chopping. 

The chopping method involves deflecting a single 
beam up and down on the screen by using an internally 
product high frequency square wave signal. If the 
square waves have 1 : 1 mark/space ratio, two dis¬ 
tinct horizontal traces are seen instead of one on the 
screen for low sweep rates. 

With switchable internal electronic circuitry these 
two traces are modulated with the two separate input 
signals to produce the dual trace effect. For purposes 
requiring a multiple beam oscilloscope, where measure¬ 
ments of voltage, frequency or phase of several different 
waveforms are required simultaneously, the enter¬ 
prising amateur having only a single channel must either 
use more expensive equipment or resort to modifying 
his own oscilloscope, an often tedious if not difficulty 
task. 

LOW VOLTAGES 

The transistor trace doubler described here is suitable 
for testing transistor circuitry where only low voltages 
are employed. There is no reason, however, why the 
circuit could not be adapted for higher input voltages 
as long as suitable calibrated attenuators are used. 

The single circuit shown in Fig. 1 was found to have 
a frequency response from d.c. up to 50kHz with no 
relative phase shifts between signals over that range. 
Upon examination of the circuit it will be seen that 
its dynamic response to input signals is in fact only 
determined by the characteristics of the oscilloscope 
used. 

Facility for trace separation also makes it possible for 
d.c. components of either input-signal to be measured. 

The unit shown will divide one channel into two 
channels. Two such units will provide four channels, 
when used on a dual beam oscilloscope, and it has been 
found possible to produce as many as four channels 
on a single beam oscilloscope, providing that they all 
operate on the same chopping frequency. 

Where there is a need for viewing several different 
output signals of high output impedance, it was found to 
be possible using this unit where the current avail¬ 
ability was very low. 


By B. L. Welsh 














THE CIRCUIT 

The circuit, containing four transistors, is basically a 
free running multivibrator producing two sets of 
negative square waves with a 1 : 1 mark/space ratio, 
and each in antiphase with the other. The remaining 
two transistors form a pair of electronic “gates” or 
low resistance switches. 

Each of these transistors has its base negatively 
biased by one of the square waves from the multi¬ 
vibrator so that it is alternately forward biased, or 
else forms a high resistance path to earth. 

The two input signals are separately applied to the 
two emitters of the pnp transistors, each wired with its 
emitter as a collector. The two signals are fed via 
two 5 kilohm potentiometers which are used as gain 
balance controls. These two signals are alternately 
shorted to earth at the chopping frequency. 

Trace separation is provided by negative d.c. bias on 
each of the two emitters via two 10 kilohm potentio¬ 
meters. The emitters of the two transistors are joined 
together via a pair of 4-7 kilohm resistors with a 
centre-tap output. These provide the load. The 
output signal is taken from this point and fed to the 
oscilloscope. 

With the components used the multivibrator fre¬ 
quency was found to be nominally 5-7kHz but 
jumped to 33kHz when loaded with the circuitry. 
This provides the unit with a higher frequency response. 

ACTION OF THE GATES 

In the absence of any base voltage, the first gating 
transistor can be regarded as a reverse biased diode. 
Any signal appearing on its emitter is presented with a 
high impedance to earth via this transistor. 

At the same time, however, a negative voltage appears 
on the base of the second gate transistor, from the 
antiphased output of the multivibrator. As this 
voltage is higher than the standing d.c. emitter voltage 
on gate two, this transistor becomes forward biased 
and consequently has a low impedance to earth via its 
emitter. 

As there are now two alternative paths to earth, the 
input signal on the emitter of the first gate now goes 
via the lowest resistance path to the earth; this is via 
* the second gate. 

Current flows through the two 4-7 kilohm resistors 
and the voltage output is detected as shown, between 
these two resistors. 

As the two d.c. voltages oh each gate transistor 
base are 180 degrees out of phase, the signals appearing 



Fig. 2. Top beam direct and d.c. coupled; middle (sine 
waye) and lower beams a.c. coupled. Very slight differen¬ 
tiation of the lower square wave Is Just apparent 



Fig. 3. A square wave and sine wave are injected into the 
chopper. Both ’scope beams are d.c. coupled 


at the two inputs will be alternately shorted to earth, 
thus producing the switched signal beam at the output. 

If Yi or Yj is at the end of its track, then the whole 
supply voltage is dropped across the gate transistor. 









































As long as this is less than 9V the transistors are 
perfectly safe. Excessive current for this case can 
produce burning on the end of the resistive tracks of 
either of the 10 kilohm potentiometers. This could, 
however, be eliminated by making the potentiometers 
5 kilohms each with a 5 kilohm fixed resistor in series. 
This would give a slightly lesser degree of trace separa¬ 
tion, but would protect the potentiometers. 

COUPLING 

For looking at square waves when using the unit, 
the output has to be d.c. coupled to the oscilloscopw 
input amplifier, as a.c. coupling will produce differentia: 
tion (only slight) of the square wave. 

Three traces of signals on a Tetronix 502A Oscillo¬ 
scope are shown. 



COMPONENTS... 


Resistors 

Rl, R4 IkO (2 off) wirewound S% 5W 
R2, R3 27kn (2 ofr)\ metal oxide 2% IW 
R5.R6 47kQ{2off)/ (Radiospares) 


Potentiometers 


I0kfl(2off)'l miniature preset 
Skn (2 off) / skeleton types . 


Capacitors 
CI.C2 4,700pF 


Transistors 
TRI.TR2 OC7I 
TR3. TR4 BCZII 
Switch . 

Si Single-pole on/off toggle switch 
Battery 

BYI 6 volts (4 pen light cells in plastics container) 


Miscellaneous 

Lektrokit chassis plate No. 7 and Sealectro “clover- 
leaf” terminals (Home Radio (Mitcham) Ltd) 

SKI-3 Plugs and sockets coxial (3 of each) 


In each case, the two lower signals displayed are 
chopped, the upi^r being the remaining beam of the 
oscilloscope. This top beam is displaying a square 
wave of about IkHz frequency. The middle beam is 
displaying a sine wave of similar frequency and the 
lower beam a square wave, again of similar frequency. 

In Fig. 3 a square wave as well as a sine wave is 
injected into the chopper to show that the degree of 
intermodulation between the two differing shapes is 
only slight. 

The chopping frequency on the lower two traces 
can be seen, but if this is a criterion, the time constants 
of the multivibrator can easily be changed to produce 
minimal chopping signal from appearing on high 
frequency sisals. 

All three input sisals to the oscilloscope are pro¬ 
duced from different isolated sources. If it is required 
to measure phase shift between signals, it can be seen 
that by putting two identical signals into each channel 
of the chopper, no phase shift within the device is 
present, thus it may be possible to measure direct 
time differences between signal phases. 

The author successfully cascaded two such choppers, 
one into the other, so that simultaneous display of four 
signals on a dual b^m ’scope was achieved. The output 
of the first chopper can be fed into the second chopper 
as one of the two inputs. 

CONSTRUCTION 

The circuit was constructed using standard electronic 
components readily available, and wired together on 
Lektrokit chassis pltte no. 7 with Sealectro cloverleaf 
press-fit terminals (see page 414 for full instructions). 
No care was taken to screen all of the connections, 
although it would be advisable where very small 
signals from high output impedance sources are used. 

If more than two channels are needed two such units 
can be used together, but intermodulation will occur 
between the two different chopping frequencies that 
would be produced. This can be eliminated by using 
the one multivibrator to drive as many gates as are 
needed, via a suitable emitter follower, to match the 
low input impedance of each set of switches. 

The transistors BCZl 1 are pnp silicon types. Ger¬ 
manium types are not suitable in this part of the circuit. 

★ 


445 
























A new control centre (above) for the Central Elec¬ 
tricity Generating Board at Manchester, this is 
the first to operate under a three-tier grid control 
system, and will cover an area from Lancaster to 
Aberystwyth with a maximum controlled output 
of 5,480 megawatts. Plessey were responsible for 
the installation of the control oentre. 

Above right, we show a close-up view of two 
clectro-hydraulically controlltd governor valves, 
which replace conventional mSchanical governors on 
an A.E.I. 300 megawatt turbine-generator at the 
West Thurrock power station. The new. system 
incorporates an electrical speed sensing unit, from 
which a frequency signal is obtained and processed 
to provide a speed error signal. This is added to a 
reference voltage to control the governor valves. 

Precision Measurement Machine Wins Award 

T he Council of Industrial Design has given an 
award to Ferranti for their co-ordinate inspection 
machine size 4, a photo-electric control system for 
measuring component holes and surfaces iri two 
directions to an accuracy of ±0-001 in over 24in. 

Movements of a probe are measured by an optical 
grating system whose light pulses are sensed by 
photocells and translated into a digital readout 
display. 


ELECTRONORAMA 



Laser Image Comparison and Display 

A FUTURISTIC concept of banking facilities was 
shown to the Press recently by the National 
Cash Register Company. The idea is to use 
holography (a means of detecting and displaying 
three-dimensional images using a laser beam) to 
match the shop customer’s signature on a credit card 
to that on his bank account some distance away. It 
is thought that all shopping using cash can then be 
replaced by credit card holography systems. 

Our picture on the left shows a credit card being 
inserted into a holograph unit. A photographic, 
reproduction of the signature can be displayed on a 
terminal unit. . .. , . 

On the right, a laser is used for demonstrating 
microprinting. Impulses generated by touching 
the keys of a typewriter keyboard causes the laser 
beam to form microscopically small characters on a 
photosensitive plate. The characters can then be 
printed out by normal photographic means. 















FACE Computer Armament 

T he interior of the Royal Artillery's new Battery 
Command Post showing the Field Artillery 
Computer Equipment (face) is shown above. The 
computer, an Elliott 920B, is on the left and the 
•operator’s console is to the right of the automatic 
typewriter. 

Having face, which will be issued on the scale of 
one per battery, will make the Royal Artillery the 
first arm of any European army to have computers 
in the forward battle area. 


Our title strip above shows a print of a plate that 
has been subjected to a laser fed image of book pages. 
The image has been magnified eight times. 













T he electrical characteristics and the theory of 
operation of f.e.t.s were considered last month; in 
this article some of the circuitry appropriate to f.e.t.s 
will be considered. It is not the purpose of the article 
to suggest that the f.e.t. is superior to the ordinary 
bipolar transistor, indeed arguments on the relative 
merits of various devices, like the valve transistor 
controversy that raged in the early days of transistors, 
are valueless without first clearly formulating a criterion 
of superiority. 

If one adopts the criterion that the “best” device to 
use is the one that enables the desired circuit per¬ 
formance to be achieved with the minimum financial 
expenditure, the greater cost of f.e.t.s will usually 
favour the use of bipolar transistors, except in certain 
special circumstances, however, the price of com¬ 
mercially available f.e.t.s is falling so that they may 
eventually be used in preference to bipolar transistors. 

F.E.T.S AS AMPLIFIERS 

The f.e.t, like the bipolar transistor is a three terminal 
device and may be used as an amplifier in three different 
ways depending upon which of its terminals is made 
common to both input and output circuits. 


The three amplifier configurations are called, common 
source, common gate and common drain analagous to 
common emitter, common base and common collector 
amplifiers respectively. The common gate circuit has a 
low input impedance and therefore offers no real 
advantages over bipolar transistor circuits, it will not be 
considered further. 

Only junction gate f.e.t.s will be discussed here; 
insulated gate f.e.t.s are only just coming out of the 
development stage and are rather expensive. 


COMMON SOURCE AMPLIFIER 

A simple self-biased common source amplifier using 
a /7-channel f.e.t. is illustrated in Fig. 10. An w-channel 
device would, of course, require a positive voltage 
supply rail. Readers familiar with valve circuits will 
notice the close resemblance to a common cathode 
valve amplifier. 

Resistor Rs acts in a manner similar to the cathode 
resistor in a valve amplifier, source current flowing 
through Rs being used to produce the desired gate- 
source biasing voltage. Rs is bypassed by capacitor 
Cs to prevent degenerative feedback. The magnitude 
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of the gate resistor (Rg) used should be such that the 
leakage current which flows through the reverse 
biased gate junction does not seriously affect the 
biasing at the highest working temperature. 

A circuit giving greater stability of operating con¬ 
ditions is shown in Fig. 11, the method of bias stabilisa¬ 
tion being similar to the technique used for stabilising 
common emitter amplifiers. This method of biasing is 
preferable for higher temperature working or for com¬ 
pensating for variations in f.e.t. characteristics. 

Voltage gains of about 10 are typical for common 
source amplifiers and because of their high input 
impedance, the frequency response down to low 
frequencies may be obtained without the use of very 
large values of coupling capacitor (C). 

Response at high frequencies is limited by a fall of 
input impedance and a consequent loading of any 
signal source feeding the amplifier. This is due to the 
capacitance that exists between gate and source (Cgs) 
and gate and drain (Cgd). These capacitances are 
quite small (Qs = lOpP and Cgd - 20pF are typical 
values for currently available f.e.t.s), but the effective 
input capacitance of the amplifier due to Cgd is 
increased because the signal voltage at the drain is 
180 degrees out of phase with the input voltage applied 
to the gate (the familiar Miller effect). The effective 
input capacitance is given by the equation 
Cl = Cgs + Cgd(I + -4) 

where A is the voltage gain of the amplifier. Sub¬ 
stitution of typical values gives a value of about 
230pF for the input capacitance. Thus at a frequency 
of lOkHz the input impedance will have fallen from its 
low frequency value of Rg to about 70 kilohms because 
of Ci. Input capacitance may be reduced at the 
expense of loss of gain by using smaller values of load 
resistance. If the load of a common source amplifier is 
reactive feedback through Cgd can cause instability if no 
neutralisation is used. 

COMMON DRAIN AMPLIFIER OR SOURCE 
FOLLOWER 

This amplifier is analogous to the valve cathode 
follower and the bipolar transistor emitter follower. It 
is not phase inverting and is characterised by a high 
input impedance, low output impedance, and voltage 
gain less than unity, it is very useful for impedance 
transformation when f.e.t.s are used with bipolar 
transistors. 

An example of a common drain circuit is shown in 
Fig. 12. The effect of Cgs on the input capacitance is 
reduced in this type of circuit because the signal output 
voltage at the source varies in phase with the input 
signal applied to the gate. The effective input capacit¬ 
ance is, given by the equation Ci — Cgd H; Cgs(l — A) 
and with A almost unity the input capacitance is not 
much greater than Cgd. 

In order that the gain should approach unity the 
source resistance should be as large as possible. The 
relatively large voltage drop and power dissipation 
occasioned by the use of a large source resistant may 
be overcome by replacing it with a bipolar transistor as 
shown in Fig. 13. The effective source resistance is 
then the large dynamic resistance seen looking into the 
collector of this transistor. The quiescent current is 
set by the choice of the emitter resistance Rq. 

AMPLIFIERS USING F.E.T.s WITH BIPOLAR 
TRANSISTORS 

The outstanding low level characteristics of f.e.t.s are 
high input impedance and low noise, they are therefore 
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most useful at low level high impedance points in 
electronic circuits, for example, as a preamplifier for use 
with a high input impedance transducer. Once the 
impedance level has been reduced it is more economical 
to use conventional transistors for further amplification. 

Many interesting compound connections of f.e.t.s and 
bipolar transistors are possible; some increase the 
bandwidth of the f.e.t. by reducing the effects of inter¬ 
electrode capacitance. 

An f.e.t. common source or common drain stage may 
be used to drive any configuration of second stage 
making six possible circuit configurations. In Fig. 14 a 
common source amplifier is directly coupled to a 
common base amplifier, two versions of the circuit are 
shown. The voltage gain of the common source 
amplifier is small since it feeds the low input impedance 
of the common base amplifier. The low voltage gain 
gives a comparatively small effective input capacitance. 
The f.e.t. gives a very high current gain. If a large 
value resistance is used in the collector circuit of the 
bipolar transistor, high overall voltage and power gains 
are possible. 

The circuit features a great amount of isolation 
between output and input making it suitable for use as a 
high frequency tuned amplifier if a tuned load is used 
instead of the load resistor. The breakdown voltage of 
currently available f.e.t.s is not large but quite large 
values of supply voltage can be used with the circuit of 
Fig. 14a. In this circuit the f.e.t. experiences only the 
voltage applied to the .base of the bipolar transistor. 

The effective input capacitance of a common drain 
amplifier, with gain close to unity, is little greater than 
Cgd, it may be reduced to an even smaller value using 
the type of circuit shown in Fig. 15. 

In this circuit transistor TR3 drives the drain of the 
f.e.t. in phase with the signal applied to the gate, thus 
reducing the effective value of Cgd. The lower end 
of the gate resistor is also driven in phase with the 
signal applied to the gate, thus reducing the current 
through this resistance and increasing its effective 
magnitude. 

Effective input impedances of many hundreds of 
megohms are possible; the input capacitance would be 
less than IpF. Input capacitance is in fact usually 
determined by “strays”. The circuit is basically a 
common drain amplifier, so its gain is less than unity. 

Another type of compound connection with high 
effective input impedance, but which can have a 
voltage gain greater than unity, is shown in Fig. 16. It 
is sometimes referred to as a “bootstrapped source 
follower”. 

The drain of the f.e.t. drives the base of the npn 
transistor whose collector drives the source of the f.e.t. 
and the lower end of the gate resistor in phase with the 
input signal. With the component values shown the 
circuit was found to have a voltage gain of eight and a 
maximum signal output amplitude of 4 volts. Table 1 
shows the input impedance for a wide frequency range. 


F.E.T. MULTIVIBRATORS 

Field effect transistors can be used in multivibrator 
circuits in a manner similar to bipolar transistors, but if 
high speed switching and high pulse frequencies are to 
be used bipolar transistors give better performance. 
However when repetitive waveforms and timing 
circuits having periods of several minutes arc required 
the f.e.t. has a marked advantage. 

The maximum timing resistance that can be used with 
a bipolar transistor is determined by the base current 
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required by the transistor. Because of the high input 
impedance of an f.e.t. very high values can be used; 
long time constants can be obtained in monostable and 
astable circuits vvithout the need for very large capacit¬ 
ance values. 

A circuit for a free running multivibrator published 
by Semitron is shown in Fig. 17. It is said to have a 
frequency of one cycle per minute. 

A field effect timer circuit using a monostable multi¬ 
vibrator is shown in Fig. 18. In the stable state of the 
circuit transistors TRl and TR2 are both conducting; 



Tablet. INPUT IMPEDANCE OF CIRCUIT IN FIG. 16 

Frequency 

SHi 

IkHz 

5kHi lOkHz 

Input impedance 

Zi (MO) 

26 

26 

19 8 

Frequency 

20kHz 

40kHi 

lOOkHi 

Input impedance 

Zi (Mt2)' 

3 1 

1-6 

067 
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Fig. 17, Very low frequency free running 
multivibrator 



Fig. 19. Gate waveform (top) SV/cm. TR2 
collector (bottom) SVjcm. Time OS second per 
centimetre. (Refer to Fig. IS) 



Fig. IS. Field effect timer circuit 


TR2 is saturated. Transistor TR3 is held cut off by the 
voltage across the 470 ohm emitter resistor and the 
potential divider connecting the collector of TR2 to the 
base of TR3. When the switch SI is momentarily 
closed the current through TR2 stops and TR3 suddenly 
conducts. This causes a sudden change in TR3 
collector voltage which is communicated to the gate of 
f.e.t. TRl by the capacitor C. TRl is cut off and this 
state is maintained until C discharges sufficiently to 
bring TRl into conduction again when a regenerative 
action returns the circuit to its stable state. The wave¬ 
forms at the gate of TRl and at the collector of TR2 
are shown in Fig. 19. The time delay is proportional to 
the time constant CR, with the values shown the delay is 
variable between 3 and 90 seconds. 

F.E.T. VOLTMETER 

The high input impedance of an f.e.t. may be utilised 
in the construction of high input resistance electronic 
voltmeters. The circuit of a simple f.e.t. voltmeter is 
shown in Fig. 20. With no input voltage applied the 
potentiometer VRl is adjusted to bring the potential 


of the point A to the same potential as the source of the 
f.e.t. so that no current flows through the meter. The 
VR2 calibration control is adjusted to give full scale 
deflection of the meter when O-SV is applied to the 
input. The basic sensitivity of the instrument is then 
4-4 megohms per volt; it is a simple matter to make it 
read higher voltages by using a suitable input multiplier. 
The reading of the meter is very stable provided no 
violent fluctuations in temperature take place and the 
instrument is extremely useful for measuring direct 
voltages at high impedance points. 

F.E.T.s AS VOLTAGE CONTROLLED 
RESISTORS 

The drain characteristics of an f.e.t. in the non- 
pinched-off region (low values of drain voltage) are 
almost linear and their slope is dependent on the 
magnitude of the gate voltage. In this region the f.e.t. 
acts as a variable resistor: the gate voltage determines 
the resistance between source and drain. Interesting 
applications of an f.e.t. operated in this way arc 
possible. 
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For this complete and up 
date work on RADIO and 
ELECTRONICS 


1,100 PAGES CRAMMED FULL 
WITH INFORMATION AND 
ILLUSTRATIONS VITAL TO 
THE ELECTRONICS STUDENT 
AND ENTHUSIAST 


RADIO AND ELECTRONICS 
In two volumes 
Edited by J. H. Reyner 
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Basic Principles of Electrical Engineering 

Circuit Design 

Electronic Components 

Thermionic Valves 
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A simple voltage controlled attenuator is shown in 
Fig. 21. The attenuation ratio is given by 



wnere a<is is me source urain rcsisianvc. me lan^e 
of attenuation obtainable is dependent on the range over 
which Ran can be varied and this is a property of the 
particular f.e.t. in use. ^ 

In the Circuit of Fig. 22 an f.e.t. is used as a voltage 
operated gain control. The f.e.t. is used as the emitter 
resistance of a common emitter amplifier introducing 
negative feedback. The amount of negative feedback 
anl hence the gain of the amplifier is determined by the 
value of Ran. 

A Mullard circuit using an f.e.t. in a voltage-to- 
frequency converter is shown in Fig. 23. An insulated 
gate f.e.t. is used in this circuit although a junction gate 
f.e.t. could be used in the same way. The f.e.t. is used 
as the resistive element in a CR npn-pnp relaxation 
oscillator, changing the input voltage to the gate of the 
f.e.t. alters the effective timing resistor and varies the 
frequency of oscillation. ★ 



SIMPLE-TO-BUILD 
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MODEL CONTROL 
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to use the P.E. Model Control Amplifier ‘ B ’ 
for relayless operation of servos. 

ELECTROMAGNETIC 

RELAYS 

A comprehensive survey of different types of 
electromagnetic armature and reed relays and 
how to get the best out of them. 


ON SALE JUNE 16 


PRACTICAL 

ELECTRONICS 


Reserve your copy and place a regular order! 
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Two-Plus-Three 


Most short wave listeners keep in 
the radio room a copy of The 
Callbook to enable them to identify 
the stations they hear on the amateur 
bands. But besides functioning as a 
radio-station directory The Callbook 
can be a source of interesting and at 
times surprising information. 
Properly studied, it will in fact 
reveal a fascinating cross-section of 
amateur radio history when it is 
remembered that all two-letter call- 
signs printed in it are (with a few 
exceptions in the G4 block) of pre¬ 
war origin, while all G3-plus-three 
callsigns are post-war. And of 
course all the G6-plus-three and 
G8-plus-three special u.h.f.-only 
licences are post-1964, which was the 
year in which these “Television” 
and “Sound Licence B” permits came 
into issue. 

What also becomes evident from a 
study of the pattern of British 
amateur transmitting licences is that 
there exists, in contrast to the over¬ 
whelming preponderance of G3-plus- 
three allocations, a small corpus of 
callsigns in the G2-plus-three series 
(yes, we said “G2”!), a fact which hes 
prompted many newcomers to 
. amateur radio to ask: What is the 
special significance of these calls, and 
why did the series start in the G2AAA 
block only to peter out somewhere 
down the G2HAA block? And 
why are there so few of them? 

Which brings us back to the point 
where we left off last time, and to a 
word or two about what was once 
known as the “artificial aerial” 
transmitting permit. 

That Unroyal Road 

Before the war there was no royal 
road to the acquisition of a trans¬ 
mitting licence, as has been amply 
demonstrated in the last two' instal¬ 
ments of The 73 Page. It was 
certainly not possible then, as it is 
today, to obtain "a ticket” more or 
less upon hequest after passing a 


Radio Amateurs’ Examination: the 
R.A.E. hadn’t been thought of then! 
No, the procedure which the aspirant 
to transmitting facilities had to 
follow was to prove to the licensing 
authority that the “wireless experi¬ 
ments” on which he was engaged 
were such that would justify the need 
to transmit. 

It was perhaps not surprising that 
a majority of applicants said they 
had experiments with radiating aerials 
in mind! 

Nevertheless, whatever line of 
experiment was put forward, our 
(generally young) hopeful would 
almost certainly not be granted full 
transmitting authorisation straight 
away, but — much more likely — 
would be allocated what was known 


as the artificial aerial (or A.A.) 
licence. Its purpose: to enable 
the newcomer to gain experience 
with the setting up of transmitting 
equipment on a non-radiating basis, 
output being fed not to an outside 
aerial but to a non-radiating artificial 
aerial—which today we would call a 
dummy load. 

Although derided in some quarters, 
the A.A. licence system did offer the 
very practical advantage of allowing 
the would-be transmitting amateur 
to master the problem of generating 
stable r,f. power on the short waves 
without making himself a nuisance 
to others with unintended swishes 
and blurps. It served also the 
incidental useful purpose of helping 
to cool the heels of the over-enthusi¬ 
astic by compelling them to serve a 


probationary period before going on 
the air. (Today’s cynics have been 
heard to say that judging from the 
poor quality of some of the signals 
and operating standards that infest 
the amateur bands of 1967, it is a 
pity that the probationary period is 
no longer the law. “Some of ’em 
ought to be on probation in a differ¬ 
ent sense!” growled one.) 


“No '8’, Lad" 

Up to the time of the war in 1939 
artificial aerial permits were allocated 
in the Figure 2-plus-Three-Letter 
sequence, e.g. 2AHL. Significantly, 
the national prefix was not included 
as part of the callsign as it is today. 


After all, the A.A. licensee, forbidden 
to radiate beyond the confines of his 
home, had no need for national 
identification. The purpose of his 
holding his 2-plus-three callsign was 
to send it to himself! 

One young hopeful, proud pos¬ 
sessor of a brand new “Two-plus- 
Three” callsign, asked for it to be 
published in the radio press of the 
day complete with the prefix “G”. 
Within a mail or two he found him¬ 
self pulled up smartly by the G.P.O. 
licensing authority with a reminder 
that he couldn’t—and shouldn't— 
use “G” until he .had earned his 
full ticket. The lad survived the 
reproof, and Vent on to mount the 
staircase of St Martin le Gr-and to 
take his morse test in the fullness of 



Six well-known callsigns in the C2-plus-three series are shown on these QSL 
report cards. All were issued before the war but none of the holders trans¬ 
mitted on the air until after it. Left to right: C2AHL is General Manager of 
the Radio Society of Great Britain; G2BLA is a noted ornithologist besides 
being a radio amateur; G2CDX is Chairman of the Cambridge Radio Club; 
G2DHV is a Major who travels much on the Continent and hoids several overseas 
callsigns as well as his British one; GM2FNF. a farmer. Is one of the few 
transmitting men on the Isle of Arran; and G2HIF Is a leading member of the 
Radio Club associated with the Atomic Energy Authority 
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Through this ICS 
3-way Training Method: 

MASTER THE THEORETICAL SIDE 
From basic principles to advanced applications, 
you’ll learn the theory of electronic engineering, 
quickly and easily through ICS. That's because 
each course is set out in easy-to-understand terms. 

MASTER THE PRACTICAL SIDE 
ICS show you how to develop your practical 
abilities in electronic engineering—o/ongs/de your 
theoretical studies. It's the only sure way to 
success. All training manuals are packed with 
easy-to-follow illustrations. 

MASTER THE MATHEMATICAL SIDE 
To many this aspect is a bitter problem. Even 
more so because no electronic engineer is complete 
without a sound working knowledge of maths. 
But new ICS teaching makes mathematics easier 
to learn. 

Wide range of courses available include: 

Radio/T.V. Engineering and Servicing, Closed Circuit T.V., 
Electronics, Electronics Maintenance, Instrumentation and 
Servomechanisms, Telemetry, Computers, etc. 

NEW! Programmed Course on Electronic Fundamentals 

EXPERT COACHING FOR: 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS 
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS 
CITY AND GUILDS SUPPLEMENTARY STUDIES 
R.T.E.B. RADIO/T.V. SERVICING CERTIFICATE 
RADIO AMATEURS' EXAMINATION 
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY 

And there are practical “learn as you build” radio 
courses as well. 

Member of the Association of British Correspondence Colleges 
t FREE HANDBOOK POST THIS COUPON TODAY 
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DIGITAL VOLTMETERS! 
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P. F. RALFE 


HOME RADIO LTD. 187 


Surrey, 
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What is your time 
worth per hour? 

No doubt you value your ‘time at not a peimy less 
than five pounds per hour . . . but let us settle for an 
extremely conservative estimate of five shillings per 
hour! You could save this and much more, on your 
very first order to Home Radio Ltd. by using our 
world-famous Component Catalogue. In fact, the 
time and trouble this catalogue can save you is worth 
a fortune ... ask the other 80,000 or so contented 
customers. 

You can save in another way too—although the 
catalogue costs 7/6 plus 1/6 fqr post and packing, 
every copy contains five vouchers each worth 1/- 
when used as directed. The latest reprint is bigger 
and better than ever—it lists more than 6,000 items, 
over 1,000 of them illustrated. Send the coupon 
today with your 91- cheque or postal order. 

HOW IN STOCK! 

Sealectro Clover Leaf Connectors in P.T.F.E. 

(Lektrokit Part No. LK2031). Price 3/6 per 

packet of 6, plus 9d. p. & p. 
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AUDIO FAIR 


At this year's Audio Fair two 
companies which made an instant 
impact were SGS-Fairchild Ltd. and 
Ferranti Ltd., both first time exhibi¬ 
tors in this show. 


The full, matched set of semi¬ 
conductors in the AFll package 
comprises six transistors for opera¬ 
tion at 57 volts and three diodes. 

The AF12 consists of seven tran¬ 
sistors and one diode; details of a 
30 watt amplifier using these are 
available. 

A suitable pre-amplifier design 
is available for both amplifiers and 
full details are available from SGS- 
Fairchild Ltd., Planar House, Walton 
Street, Aylesbury, Bucks. 

An impressive demonstration of 
audio equipment using silicon planar 
epitaxial transistors was Ferranti’s 
contribution to the fair. All the 
pieces of equipment were designed 
by the Applications Laboratory 
of the Ferranti Electronics Depart¬ 
ment and a very good comprehensive 
47-page brochure is issued containing 
all the circuit diagrams, components 
lists and design notes. 





♦ # 


The AFll Semiconductor pack from 
SaS-FaIrchlld 


CONSTRUCTORS’ AIDS 

Surplus or misplaced solder can 
be speedily removed with a de¬ 
soldering suction pump, price 65s Od, 
from Henri Picard & Frire Ltd., 
34/35, Furnival Street, London, 
E.C.4. 

Suction is created by a sprung 
piston, which is released by pressure 
on a button catch, the solder 
being sucked through a pointed 
nozzle and ejected on the return of 
the piston. This seems rather 
expensive for a form of “cycle 
pump”. 

A new range of double-sided 
0-1 in matrix Veroboards have just 
been introduced by Vero Electronics 
Ltd., of Chandlers Ford, Hamp¬ 
shire. 

These new boards should be ideal 
for producing prototyfw “lash-ups” 
before finalising the intended de¬ 
signs. No special sockets for “bread¬ 
boarding” are required and only a 
spot-face cutter is needed to break 
the copper strips. 

It is strange the number of times 
faulty readings, malfunctions and 
general bad performance in pieces of 
equipment dan be traced to dirt. 
In most cases it is found that the 
equipment is very delicate, and 
rather than risk serious damage by 




Ferranti pre-amplifier and f.m. tuner 


SGS-Fairchild gave details of the 
AFll and AF12 “packaged” kits 
of matched sets of six and seven 
silicon planar transistors and diodes 
suitable for building 20 and 30 watt 
power amplifiers respectively. 

The AFll package is supplied 
with full circuit and component 
details for an amplifier having a 
guaranteed power output of 20W 
into 15 ohms. Frequency response 
is 20Hz to 50kHz (—3dB). Har¬ 
monic distortion is less than 01 
per cent and the sensitivity (for 
maximum output) is 450mV. 

The amplifier incorporates design 
features such as a stable and reliable 
direct coupled series output circuit, 
obviating the need for driver and 
output transformers. Square wave 
response is said to be excellent, 
with very fast rise time and no trace 
of “ringing”. 


The brocliure is entitled “Ferranti 
High Fidelity Audio Designs”, price 
5s Od, and contains chapters on a 
wide range transistor phase shift 
oscillator, pre-amplifiers, 7 to 150 
watt amplifiers, power supplies, tape 
recorder pre-amplifiers and ampli¬ 
fiers, tape record level indicator, 
tape bias/erase oscillator and an 
f.m. tuner designed to accept BBC 
stereo broadcasts. For details of 
where to obtain copies readers should 
write to Ferranti Ltd., Gem Mill, 
Oldham, Lancashire. 

Ferrograph Co. Ltd., announced 
that all Ferrograph microphones are 
now supplied complete with stands. 

Whilst still on the subject of the 
Audio Fair, in next month’s Audio 
Trends, Clement Brown will be 
dealing with some of the exhibits in 
more detail. 












attempting to clean it, one tends to 
give a few “puffs” to blow any loose 
grit clear. This procedure may work 
the first time but over a period of 
time the accumulation of dirt, 
grease and oils tends to solidify and 
no amount of blowing will shift the 
waste. 

Now a contact cleaner, type CO, 
is available from Corrosion Abolition 
Ltd., C^mey House, Horton Road, 
West Drayton, Middlesex. This 
cleaner is packaged in aerosol cans 
and dissolves most types of waste 
and does not damage the base 
material. The cleaner will penetrate 
the smallest crack or surface opening 
and the force from the spray blows 
away the dirt particles, leaving the 
contact clean. 

A product that retailers, designers 
and constructors will find useful is 
the new Electroluminescent Numeri¬ 
cal Indicator from Thorn Bendix 
itd.. Great Cambridge Road, En¬ 
field, Middlesex, the new name for 
Thorn Special Products who have 
merged their interests with Bendix 
Corporation of the U.S.A. 

By applying the principles of the 
electroluminescent lamp in carefully 
designed segments, it has been 
possible to produce a neat numerical 
indicator that will produce all 
numerals from 0 to 9 and the letters 
A,C,E,F,H,J,L,P and U. In addition 
the letters G,I,0 and S may be lit by 
using the figures 6,1,0 and 5 but the 
possibilities of confusion should be 
considered before use. 

The use of such a light source 
allows it to be placed directly behind 
a translucent face, thus eliminating 



New Veroboard from Veto Electronics 


numeral distortion sometimes en¬ 
countered in conventional indicators 
with stacked numerals. Also the 
viewing angle, without distortion, is 
160 degrees. 

The life of the indicator is not 
adversely affected by switching on 
and off, there being no filament or 
vacuum, and should give many 
thousands of hours’ service. These 
indicators are housed in either a 
clear or green polycarbonate case 
measuring 2|in by 1 l|in and has a 
maximum overall thickness of jlsin. 
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Also available from the same 
company is a new midget relay 
type RA. The relay is a four pole 
change-over unit with contact ratings 
of 3 amps at 115 volts a.c. It has 
standard a.c. and d.c. coils with 
nominal coil voltages ranging from 
6 to 115 volts. The operating time 
is 9 to 11 milliseconds and the 
release time 3 to 6 milliseconds. 

LITERATURE 

The new 1967 Electronics Cata¬ 
logue from dca Electronics Ltd., 
28 Uxbridge Road, Ealing, W.5, 
contains a very large list of test 
equipment, receivers, amplifiers, and 
Radiospares components. The price 
of the catalogue is Is 6d including 
postage, separate price lists of 
valves and transistors are available 
free of charge. 



An enlarged list of semiconductors 
and diodes is just one of the many 
additions to the new 1967 Henry’s 
Radio Catalogue. A useful item 
in the 206 page catalogue is a list of 
transistor alternatives. The price 
of the catalogue is 7s 6d plus Is Od 
postage. But this can be offset by 
the use of five free vouchers each 
worth 2s. These vouchers are 
only usable on orders over £1 
and should be used as per the 
instructions given in the catalogue. 
Copies are obtainable from Henry’s 
Radio Ltd., 303 Edgware Road, 
London, W.2. 

A good components catalogue 
for the “den” is the Arthur Sallis 
(Radio Control) Ltd., 1967/68 Mail 
Order Catalogue No. 17, price 
3s Od. Practically any piece of 
model control equipment can be 
obtained direct from stock as well as a 
large amount of general electronic 
equipment. 



Electroluminescent Indicator mar¬ 
keted by Thorn Special Products 


It was noticed, whilst shopping for 
components, that all recognized 
International Rectifier distributors 
are passing on to the public “Pocket 
Cross Reference Guides”. These 
guides list encapsulated silicon recti¬ 
fier assemblies and 1-3A silicon 
diodes with easy cross reference to 
I.R. equivalents. These guides should 
prove useful in the selection of diodes 
and rectifiers. If any readers are 
unable to locate their nearest I.R. 
dealers they can write direct to 
International Rectifier at Hurst 
Green, Oxted, Surrey, who will 
notify them of the nearest agent. 
We are told that supplies are limited. 

Three brochures on careers, in 
computers have just been published 
by English Electric-Leo-Marconi to 
coincide with a major recruiting 
drive aimed at increasing the com¬ 
pany’s sales and sales support staff. 
Particular stress is laid in the new 
brochures on the fact that it is not 
necessary to have had a narrowly 
directed training in the past in order 
to enter the computer field. 

The three brochures are entitled 
“Careers in Computers”, a 20-page 
publication describing in detail the 
opportunities now available in 
research, production, engineering, 
marketing, ^sterns programming, 
bureau services and operations 
research; “Careers in Computers for 
Arts Graduates”; and “Opportunities 
for School Leavers”. Copies are 
available from English Electric-Leo- 
Marconi Computers Ltd., Portland 
House, Stag Place, London, S.W.l. 
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JOHN VALENCE 


NEW MANAGEMENT 


From America, a county one par¬ 
ticularly associates with the all- 
powerful business tycoon, comes a 
message of another wind of change. 
This message was delivered right 
here in Croydon, England, last 
month by Robert G. Chollar, Vice- 
President of the National Cash 
Register Company of the U.S.A. 

For 1 hour 30 minutes Mr Chollar 
literally held the stage during a 
demonstration of NCR’s long range 
research and development pro¬ 
gramme. The aim was to give 
businessmen from Britain and other 
countries “a preview of the advanced 
systems that will shape the future 
role of management”. 

An accomplished speaker plus an 
exceedingly well produced demon¬ 
stration of some exotic electronic 
equipment made quite an impression 
on those present. If there were any 
complaints, it was that the range of 
equipment and systems demonstrated 
was perhaps too large for a single 
occasion. But if one suffered a 
little mental indigestion trying to 
absorb details of the different tech¬ 
niques on show, the desired effect 
was obviously registered on the 
audience “. . . that the information 
revolution is underway, and cannot 
fail to have a profound effect in 
business management circles”. 

I suspect that another, but less 
exhilarating, message was that day 
delivered to our own electronic 
engineering industry. The visual 
evidence of actual equipment soon 
to go into production is rather 
different to reports one may read 
about projected developments taking 
place over the other side of the 
Atlantic. 

Tycoons of the British electronics 
and computer industry had better 
get the message—fast! Croydon 
could well prove to be the jumping 
off point for another large scale 
invasion of our markets. 


LASERS AND HOLOGRAPHY 

And what exactly, are these new 
aids to management, that are destined 
“to replace the overrated attribute of 
intuition”. Perhaps the most exciting 


are based upon applications of the 
laser and that even more recent 
technique called holography. 

The laser figures prominently as a 
communications link, both for speech 
and for transmitting data from a 
computer in an on-line banking 
system. 

,A specific example of holography 
in use is the identification of signa¬ 
tures on credit cards. This promises 
to be a vital component of any 
“cashless’ or “chequeless” society. 

The equipment demonstrated how 
when a credit card is inserted into a 
machine a photograph of the bearer 
is located in a central file. This 
picture is then ■ projected onto a 
screen and so the identity of the 
bearer can be confirmed. 

The NCR demonstration also 
included microprinting by laser beam. 
This beam, focused down to an 
infinitesimal spot, is controlled by a 
typewriter keyboard. Microscopically 
small characters are formed on a 
light sensitive plate. Thus a large 
amount of information can be 
recorded in a small space. Retrieval 
and reproduction on enlarged scale 
can be performed at will. 



BACK TO BASICS 


The armed forces have to be pre¬ 
pared for even the ultimate catas¬ 
trophe overtaking their electronics. 

During a demonstration of FACE 
(Field Artillery Computer Equip¬ 
ment) it was stated that previously it 
had taken several months to train an 
artillery team to carry out the 
laborious calculations involved before 
each “shoot”. Now the use of 
FACE meant that an operator could 
be trained to the requisite standard 
in just one week. 

Nevertheless, a high ranking R.A. 
officer reassured one rather appre¬ 
hensive inquirer, the army will con¬ 
tinue to provide a certain amount of 
basic training in triangulation and 
other relevant sciences for its R.A. 
crews. Thus, as this officer ex¬ 
plained, in the unlikely event of 
complete electronic failure the crew 
would be able to perform the 
essential basic calculations on a 
slide rule and back of an old envelope! 
So the shooting would continue— 
albeit a trifle less accurate than 
before! 


ODD JOTTINGS 


Come to think of it, that “old 
envelope” must have played a 
significant part in the affairs of man 
from time to time. How much 
literature, art, or music would have 
been lost for ever if that humble 
item had not been present in the 
pocket of some genius at the vital 
moment. 

As for the world of science, we 
might still be waiting for the laser 
but for the fact that Charles Townes 
had an inspiration while sitting on a 
park bench in Washington D.C., way 
back in 1951. 

Speedily he made some calcula¬ 
tions on the back of an old envelope. 
The result suggested a new approach 
in his experimental work on the 
production of centimetric waves. 
This lead to the invention of the 
maser, which as you know was the 
forerunner of the laser. 

So, you budding geniuses, never 
discard all your old correspondence. 
You never know when the Muse will 
descend. 
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SELECTION FROM OUR POSTBAG 


Radiaiion counter 

Sir—With reference to my article 
Radiation Counter in the March 
1967 issue. I would draw readers’ 
attention to an error on the e.h.t. 
circuit Fig. 3. 

The base bias resistor (R16) 
should be shown connected to the 
negative supply rail and not the 
collector of the transistor as it 
appears in the magazine. I would 
think that the latter configuration 
would severely damp the oscillatory 
circuit, however the effect on its 
performance could only be found 
by experiment (it may in fact work 
like this). This error also renders 
the underside wiring diagram Fig. 5 
incorrect. 

P. F. Bretherick, 
Eastcote, 
Ruislip, 
Middlesex. 


Surprise flash 

Sir—In your article Photoflash 
Slave Unit in ihs March 1967 issue, 
you suggest adapting an extension 
lead by reversing the wires to one 
of the connectors to ensure that the 
slave unit may be connected to an 
electronic flashgun with polarities 
on its trigger lead connector oppo¬ 
site to those required on the slave 
unit connector. While this is per¬ 
fectly satisfactory electronically, it 
should be pointed out that the 
better quality extension leads have 
connectors with all metal casings. 
Adapting such an extension lead 
would result in the casing of one 
connector having a polarity oppo¬ 
site to that of the other connector. 
Touching both connectors with the 
flashgun switched on would result 
in one’s fingers being effectively 
shorted across the flashgun’s 
trigger capacitor, which may be 
charged to a potential of up to 
250 volts. While this would con¬ 
stitute no danger to a normal 
healthy person, the element of 
surprise might cause the equip¬ 
ment to be dropped, with somewhat 
disastrous results! 

With this in mind, perhaps a 
better method of ensuring correct 


polarity would be to use an exten¬ 
sion lead with moulded plastic 
connectors. As the insides of these 
connectors are not accessible with¬ 
out destroying the casing, the lead 
itself would have to be cut and 
reconnected in reverse, the join 
naturally requiring careful insula¬ 
tion. This would result in only 
the actual connecting points of the 
two connectors having opposite 
polarities'. The chances of touch¬ 
ing both these at the same time are 
only small. However, if metal- 
cased connectors are employed on 
the flashgun trigger lead and the 
slave unit itself the effectiveness of 
this is reduced considerably. 

The most satisfactory arrange¬ 
ment would be to utilise some of 
the unoccupied space in the slave 
unit case by fitting a switch to 
reverse the connections between 
the slave unit’s connector and the 
thyristor. 

A. W. Hawkins, 
Lowestoft, 
Suffolk. 

Quick-blip 

Sir—have been taking this journal 
for quite a time and have been 
particularly pleased with the articles 
on Radio Control by Mr D. 
Bollen. I hope you will persuade 
him to do some more of this type 
of article... . 

My other request is this, could 
your contributors give general 
parameters of transistors used in 
their articles as well as the alter¬ 
natives. I would like to make up a 
lot more of the gear described but 
am often unable to get the tran¬ 
sistors listed in the materials lists. 
Our local dealers have never heard 
of some of the transistors specified 
and even famous makes such as 
Mullard are difficult to obtain. 
Given some details of the transis¬ 
tors used, one could try and find 
alternatives among those available 
locally. 

H. C. Wells, 
Como, 
Western Australia. 

We have twisted Mr Bollen’s arm and the 
first part of a new article starts on page 
432 this month. 


Hot point 

Sir—It is with horror that I realise 
that no emphasis has been placed 
on the ease with which f.e.t.s can 
be destroyed. I have in mind all 
those unsuspecting enthusiasts who 
are contemplating the building of 
your Integrated Stereo Amplifier 
(December 1966 issue), in which I 
note there is no protection of the 
f.e.t. from lethal transients. The 
transistor in question, a 2N3819, 
has a maximum rating of 20 volts 
gate to any other electrode. Un¬ 
like an ordinary transistor, it will 
be permanently destroyed if any 
breakdown occurs, and even touch¬ 
ing the gate with a finger may 
cause this if the body has some stray 
capacity to the mains. After my 
first disaster, I adopted the follow¬ 
ing procedure: 

Before the transistor is ever 
brought near mains, batteries, or 
soldering irons, a length of fine 
wire (about 36 s.w.g.) is wound 
round the three leads to short them 
to each other, and kept in place 
until construction is complete, and 
a pair of catching diodes installed. 
These diodes are reverse biased 
and connected between the gate 
and the appropriate voltage sources 
to limit the range of voltage applied 
to the gate. In the case of the 
Stereo Amplifier, one is connected 
to earth (anode end) and the other 
(cathode end) may be taken to the 
drain electrode. These catching 
diodes must be silicon, type OA200 
being suitable, and will protect the 
transistor against transients which 
can occur when plugging in external 
signal sources. 

James M. S. Hutchinson, 
University of Bradford, 
Bradford, 7. 


While your comments are entirely justified, 
it must be said that I have designed quite 
a few circuits for the practical constructor 
that do in fact contain field effect tran¬ 
sistors and have yet to be informed of 
anyone who has had the misfortune to 
liquidate one. As long as common sense 
is used in the handling of these devices, 
they are quite as tame as the bipolar 
transistor. As you will no doubt appreciate 
there was a great deal of trepidation in 
soldering transistors without a heatsink in 
the early days, but standard soldering 
procedure would in fact have caused no 
trouble at all. 

However, do not misunderstand me, 
there is a real danger of field effect tran¬ 
sistor and possiblv one of the more 
pertinent points would be in ensuring that 
the soldering iron is isolated from the 
mains earth. No doubt this comment 
will draw criticism from some people as 
safety is all a matter of degree.—R.H. 
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RETURN OF POST DESPATCH Post and Packing 116 unless athenyi 

RADIO COMPONENT SPECIALISTS 

tten suaranMe with every purchase. (Export: Send remittance and extra postage, n 
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List //.. CALLERS WELCOME 

337 WHITEHORSE ROAD, WEST CROYDON 

C.O.D.) Buses I33g 68 pass door, S.R. Stn. Se/hurst. ToL: THO 1#65 
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Practical Becitonics Classified Advemsemems 


The pre-paid rate for classified advertisements is 1/- per word (minimum order 12/-), box number 
1/6 extra. Semi-displayed setting £3.5.0 per single column inch. All cheques, postal orders, 
etc., to be made payable to PRACTICAL ELECTRONICS and crossed “ Lloyds Bank Ltd.” 
Treasury notes should always be sent registered post. Advertisements, together with remittance, 
should be sent to the Classified Advertisement Manager, PRACTICAL ELECTRONICS, 
George Newnes Ltd., 15/17 Long Acre, London, WC2, for insertion in the next available issue. 
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SITUATIONS VACANT (continued) 










































RECEIVERS AND COMPONENTS 

(continued) 


TRANSISTOR PANELS 





NEW CROSS RADIO 


AT LAST! THOSE HARD T 


l;i 11 if 








L.S.T. COMPONENTS 


RECEIVERS AND COMPONENTS 

(continued) 





RECEIVERS AND COMPONENTS 

(continued) 


REPANCO Trar 





I Watt S.T.C. 300 MC/S N.P.N. 


3/- each. OC44. OC45. OC70, 
OC7I, OC8I, OC8ID. OC200, 
Get 16. Get 20. 


S/- each. OCI39. OCI40. Get 
7. Get 8. Get 9. XCI4I, BYIOO, 
OA2II. 


BSY 27. 7/6 each. OC 

C i| r s o n j 







































































RECEIVERS AND COMPONENTS 

(continued) 



MODERN DICTIONARY 

OF ELECTRONICS 50/- 

AUTHORITATIVE, COMPREHENSIVE. 

COMPLETELY UP TO DATE, BY GRAF. 
POSTAGE *4/6. 

*> 

NEW RANGE U.H.F. AERIALS FOR 

BBC 2 (625) line transmissions 


BBC • ITV • F.M. AERIALS 

ITV (Band 3). 3 element toft 

:rss«“T?r,r::*»r“- 

hU ssis~- 

Ji 



UNIVERSAL BOOK CO. 

K.V.A. ELECTRONICS (Dept, p.e.) 

12 liniE NEWPORT ST., LONDON, W.C.2 

LODGE HltUnf* 



470 


























































_ _ 8 Radnor House 

BI-PAK SEMICONDUCTORS 93/97 Regent St 

London, W.1 


I ^ -VALUE PAKS- ^ 
^ EXTENDED RANGE ^ 
if: NEW - UNTESTED ^ 





COMPETE ^ L 900 "Buffer” 19/6 
'^'-914 "Gate” 19/6 


ITS 



•15 


3:^ 



no --- 


50 


10 


10 SliKOH RKL 10/- 


}0 sS TRAHSKTOK 10/- 


DIODES 10/- 

-S“ lOP MT 10/- 


10 


40 m. miKKTOlB 10/- 



TECHNICAL TRADING Co. 

I TAPE SSJSSS,. 


lH 

m 


m 

i¥l 


WRINKLE (CRACKLE 


— 






.. ^ 

Vpp.n d.r S..urd... Clced TH.rsd.r .fr.rnocn^ 
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YOU CAN AFFORD! AN INDIVIDUALLY MANUFACTURED 

ENeRAVED FACIA PANEL 

WE OFFER A COMPLETELY NEW SERVICE TO 
ELECTRONIC ENTHUSIASTS WHO WISH TO MAKE 
THEIR APPARATUS INDISTINGUISHABLE FRY 
THE MOST EXPENSIVE PROFESSIONALLY MA 
EQUIPMENT. 

FOR FREE QUOTATION AND FURTHER INFOR¬ 
MATION SEND S.A.E. AND WORKING DRAWING 
OF APERTURES AND WORDING REQUIRED TO:— 

CREVMEL LTD., 34 PANCRAS CD., LONDON, N.W.I 


A BARGAIK FOR ELECTRONICS ENTHUSIASTS 

BEGINNER’S GUIDE 
TO ELECTRONICS 


By Tennet 1. Sauirts, 
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VALUABLE NEW HANDBOOK 




IQ AMBITIOUS 



Have you had your copy of “ Engineering Opportunities ” ? 


The new edition of “ENGINEERING OPPOR¬ 
TUNITIES” is now available—without charge— 
to all who are anxious for a worthwhile post in 
Engineering. Frank, informative and completely 
up to date, the new “ENGINEERING OPPOR¬ 
TUNITIES” should be in the hands of every 
person engaged in any branch of the Engineering 
industry, irrespective of age, experience or training. 

On ‘SATISFACTION OR 
REFUND OF FEE’ terms 

This remarkable book gives details ofexaminations 
and courses in every branch of Engineering, 
Building, etc., outlines the openings available and 
describes our Special Appointments Department. 

WHICH OF THESE IS 
YOUR PET SUBJECT? 

ELECTRONIC ENG. RADIO ENG. 


Electrortics—Radar Tech .— 
Frequency Modulation — 
Transistors. 

ELECTRICAL ENG. 


THIS BOOK TELLS YOU 

k HOW to tot a better paid, more interest- 

k HOW to quolify for rapid promotion, 
k HOW to put some letters after your name 


enefit fro. 


fc HOW you e: 
k HOW.'ir^e'ip, 


ts Pepts 


ir free Advisory 


132 PAGES OF EXPERT 
CAREER . GUIDANCE 


PRACTICAL 

EQUIPMENT 


INCLUDING 

TOOLS 


B.I.E.T. 


Advar 


/ Elect 
I Electr 


d Eng.— 
I Eng. - 


—Draught sni 


Eng^^ — 

Science — E/cc. Supply — 
Mining Elec. Eng. 

CIVIL ENG. 

Advanced Civil Eng.— 
General Civil Eng. — Muni¬ 
cipal Eng. — Structural Eng. 
—Sanitary Eng,—Road Eng. 
— Hydraulics — Mining — 
Water Supply —Petrol Tech. 


MECHANICAL ENG. 

Advanced Me^anica^Eng ^.— 


AUTOMOBILE ENG. 


WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJEaS IN¬ 
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU¬ 
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. 

'"a”*S.V. ’^““'^A.MXC.'e* '"’b.Sc.'. 

A.M.I.P.E.. A.M.I.M.I.. A.R.I.B.A . A.I.O.B.. A M.I.Chem.E.. A.R.I.C.S.. 

I GUILDS. GEN. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

3I6A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 


You are bound to benefit from reading 
“ENGINEERING OPPORTUNI¬ 
TIES” — send for your copy «oiv— 
FREE and without obligation. 


r-!.Ha?f.vvAj 

■ TO B.I.E.T., 3I6A ALDERMASTON COURT, 

I ALDERMASTON, BERKSHIRE. 
m Please send me a FREE copy of “ENGINEERINCZ 
I OPPORTUNITIES." I am interested in (state subject, | 
. exam., or career). 



I NAME . 

■ ADDRESS 


WRITE IF YOU PREFER NOT TO C 


THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE V 


tPublished about the 15th of the month by GEORGE NEWNES LIMITED, Tower House. South;- 
THE CHAPEL RIVER PRESS, Andover, Hants. Sole Agents for Australia and New Zeim 
Vfrica and Rhodesia: CENTRAL NEWS AGENCY LTD.; East Africa: STATIONERY 
' postage for one year: To any part of the W 


































































